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SJR

The SJR is a size-independent prestige indicator that ranks

journals by their 'average prestige per article'. It is based on the

idea that 'all citations are not created equal'. SJR is a measure of

scientific influence of journals that accounts for both the number

of citations received by a journal and the importance or prestige of

the journals where such citations come from It measures the

scientific influence of the average article in a journal, it expresses

how central to the global scientific discussion an average article of

the journal is.

Year SJR

Total Documents

Evolution of the number of published documents. All types of

documents are considered, including citable and non citable

documents.

Year Documents

2000 234

2001 391

2002 0

2003 899

2004 1306

External Cites per Doc  Cites per Doc

Evolution of the number of total citation per document and

external citation per document (i.e. journal self-citations removed)

received by a journal's published documents during the three

previous years. External citations are calculated by subtracting the

number of self-citations from the total number of citations

received by the journal’s documents.

Cites Year Value

External Cites per document 2000 0

External Cites per document 2001 0.286

E t l Cit d t 2002 0 155

% International Collaboration

International Collaboration accounts for the articles that have

been produced by researchers from several countries. The chart

shows the ratio of a journal's documents signed by researchers

from more than one country; that is including more than one

country address.

Year International Collaboration

2000 21.79

2001 23.53

2002 0

Cited documents  Uncited documents

Ratio of a journal's items, grouped in three years windows, that

have been cited at least once vs. those not cited during the

following year.

Documents Year Value

Uncited documents 2000 0

Uncited documents 2001 198

Uncited documents 2002 562

Uncited documents 2003 543

Uncited documents 2004 1116

% Female Authors

Evolution of the percentage of female authors.

Year Female Percent

2000 17.67

2001 12.38

2002 0.00

2003 14.41

2004 12.89

2005 15.61

2006 16.02

Estimated APC

It estimates the article processing charges (APCs) a journal might

charge, based on its visibility, prestige, and impact as measured by

the SJR. It does not reflect the actual APC, but rather a calculated

approximation based on journal quality. SCImago Graphica

Estimated financial value

It represents the potential financial worth of a journal. It is

obtained by multiplying the journal's Estimated APC by the total

number of citable documents published over the past five years.

This value reflects the hypothetical revenue a journal could
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Metrics based on Scopus® data as of March 2026

Year Est. APC (USD)

2000

2001 2189

2002 2332

2003 2340

generate based on its estimated publication costs and scholarly

output.

Year Est. value (USD)

2000

2001 856020

Total Cites  Self-Cites

Evolution of the total number of citations and journal's self-

citations received by a journal's published documents during the

three previous years.

Journal Self-citation is defined as the number of citation from a

journal citing article to articles published by the same journal.

Cites Year Value

Self Cites 2000 0

Self Cites 2001 0

S lf Cit 2002 0

Citations per document

This indicator counts the number of citations received by

documents from a journal and divides them by the total number of

documents published in that journal. The chart shows the

evolution of the average number of times documents published in

a journal in the past two, three and four years have been cited in

the current year. The two years line is equivalent to journal impact

factor ™ (Thomson Reuters) metric.

Cites per document Year Value

Cites / Doc. (4 years) 2000 0.000

Cites / Doc. (4 years) 2001 0.286

Cites / Doc. (4 years) 2002 0.155

Cites / Doc. (4 years) 2003 0.187

Cites / Doc. (4 years) 2004 0.206

Cites / Doc. (4 years) 2005 0.281

Cites / Doc. (4 years) 2006 0.260

Cites / Doc. (4 years) 2007 0.217

Cites / Doc. (4 years) 2008 0.209

Cites / Doc. (4 years) 2009 0.207

Cites / Doc. (4 years) 2010 0.219

Cites / Doc. (4 years) 2011 0.210

Citable documents  Non-citable documents

Not every article in a journal is considered primary research and

therefore "citable", this chart shows the ratio of a journal's articles

including substantial research (research articles, conference

papers and reviews) in three year windows vs. those documents

other than research articles, reviews and conference papers.

Documents Year Value

Non-citable documents 2000 0

Non-citable documents 2001 3

N it bl d t 2002 7

Documents cited by public policy (Overton)

Evolution of the number of documents cited by public policy

documents according to Overton database. Famous

Quotations

Documents Year Value

Overton 2000 0

Overton 2001 0

Overton 2002 0

Overton 2003 4

Overton 2004 0

Documents related to SDGs (UN)

Evolution of the number of documents related to Sustainable

Development Goals defined by United Nations. Available from 2018

onwards.
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mosquitoes in the system. The problem is formed into a system

of nonlinear ordinary differential equations. The goal of this paper

is to compare the performance of two numerical methods in

solving the problem. The two numerical methods are the fourth-

order Runge-Kutta and the Milne methods. These two methods

are considered, because of their popularity. Based on our

research results, the fourth-order Runge-Kutta method is able to

solve the problem using various values of time steps. However,

the Milne method is unable to solve the problem if the time step

is relatively large. This is related to the numerical stability of the

methods. That is, the fourth-order Runge-Kutta method is more

stable than the Milne method for relatively large values of time

steps.
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Abstract. In this paper, we consider a Susceptible-Infected-Recovered-Susceptible (SIRS) mathematical model for the 

spread of the Dengue fever disease. This disease involves human and mosquitoes in the system. The problem is formed 

into a system of nonlinear ordinary differential equations. The goal of this paper is to compare the performance of two 

numerical methods in solving the problem. The two numerical methods are the fourth-order Runge-Kutta and the Milne 

methods. These two methods are considered, because of their popularity. Based on our research results, the fourth-order 

Runge-Kutta method is able to solve the problem using various values of time steps. However, the Milne method is unable 

to solve the problem if the time step is relatively large. This is related to the numerical stability of the methods. That is, the 

fourth-order Runge-Kutta method is more stable than the Milne method for relatively large values of time steps. 

INTRODUCTION 

Infectious diseases are still major problems for human living. Regarding this, infectious disease spread is important 

to research. Disease can be caused by bacteria, microbes, or viruses. Viruses are unique organisms that are genetically 

somewhere between life and death. This happens when outside the host’s body is a capsid and attaches to the host [1]. 

This virus will infect the host and reproduce new viruses. Viruses are unique in that they cannot die but can only be 

crystallized. This fact makes viruses a dangerous organism. One of these viruses is the Dengue virus. Dengue virus 

can cause a disease known as Dengue fever [2]. According to Rodrigues [3] Dengue fever is a dangerous disease that 

can cause death. This disease is only transmitted through mosquito bites, so this disease is classified as Anthropod 

Borne disease. The Dengue virus is carried by a vector, namely the Aedes aegypti mosquito and the Aedes albopictus 

mosquito. According to Shu [4] the main vector for carrying the Dengue virus is the Aedes aegypti mosquito. 

Several countries are prone to Dengue fever disease. Indonesia is the second country after Thailand which is 

infected with Dengue fever. Even until September 2020 there were 84,734 people infected with Dengue disease 

throughout Indonesia [5]. In Indonesia, the death rate reached 584 people. This is known in the Ministry of Health 

data on September 15, 2020. Then a number of Dengue cases in Sikka district, East Nusa Tenggara reached 1,816 

people. Total of 16 people died and 1740 people recovered, while 60 people were still being treated at the hospital [6]. 

Seeing the problems that occur due to the spread of Dengue disease, mathematics provides an alternative way to 

solve the spread of the disease. Mathematical models of Dengue fever disease spreads can be formed using various 

approaches. A number of researchers used the SIR model (Suspected-Infected-Recovered) [7] and the SEIR model 

(Suspected-Exposed-Infected-Recovered) [8], assuming that recovered individuals do not return to being susceptible 

individuals.  This is the basis for modifying the SIR model into SIRS because recovered individuals will likely become 

susceptible individuals for the case of Dengue fever disease [9]. 

In this paper, we will model the spread of disease in a mathematical form using the Susceptible-Infected-

Recovered-Susceptible (SIRS) model type on the spread of Dengue fever disease. This model will be solved using the 

fourth-order Runge-Kutta method and the Milne method, then we compare the results of these two methods with those 
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of the ODE45 method to see which method is better in solving the model. All computations and simulations are 

conducted using the MATLAB software. 

RESEARCH METHOD 

The research method that the author uses is literature study and numerical simulations, that is, by studying papers 

and references that support the solving of the equations and method used. The solving steps are the SIRS model 

development, model discretization, computer programming, numerical simulation, and observation of simulation 

results. The methods used are the fourth-order Runge-Kutta method and the Milne method with the Susceptible-

Infected-Recovered-Susceptible (SIRS) epidemic model. Research starts from studying and understanding the process 

of making SIRS schemes and models for the spread of Dengue fever disease. After the model is obtained, we solve 

the SIRS model using the fourth-order Runge-Kutta method and the Milne method. Following it, we analyze the 

solution graphs obtained from the simulations using the MATLAB program. Finally, we conclude the research based 

on those results. 

Fourth-Order Runge-Kutta Method 

The description about the fourth-order Runge-Kutta method is as follows. Consider the following Initial Value 

Problem (IVP):  
𝑑𝑦

𝑑𝑥
= 𝑓(𝑥, 𝑦), 

𝑦(𝑥0) = 𝑦0. 
We will use this generic form of IVP for the mathematical model of disease spread problem. 

The fourth-order Runge-Kutta method is one of methods used to solve differential equations with initial conditions. 

The fourth-order Runge-Kutta method has higher level of accuracy compared to the Euler, Heun, and third-order 

methods. The accuracy of these results makes the fourth-order Runge-Kutta method widely used in solving ordinary 

differential equations with initial conditions [10]. 

The fourth-order Runge-Kutta scheme for the aforementioned IVP is as follows [11]: 

𝑦𝑖+1 = 𝑦𝑖 +
1

6
(𝑘1 + 2𝑘2 + 2𝑘3 + 𝑘4) 

(1) 

𝑘1 = ℎ𝑓(𝑥𝑖 , 𝑦𝑖) (2) 

𝑘2 = ℎ𝑓 (𝑥𝑖 +
1

2
ℎ, 𝑦𝑖 +

1

2
𝑘1) 

(3) 

𝑘3 = ℎ𝑓 (𝑥𝑖 +
1

2
ℎ, 𝑦𝑖 +

1

2
𝑘2) 

(4) 

𝑘4 = ℎ𝑓(𝑥𝑖 + ℎ, 𝑦𝑖 + 𝑘3) (5) 

Milne Method 

Solving ordinary differential equations using the Milne method is the process of finding the value of the function 

𝑦(𝑥) at a certain point 𝑥 from the known ordinary differential equation 𝑓(𝑥, 𝑦) by making predictions with the 

predictor formula and making corrections with the corrector formula [12]. 

 According to [13] the numerical scheme of the Milne method for numerical solutions to the aforementioned IVP 

is as follows: 

Predictor: 

𝑦𝑛+1 = 𝑦𝑛−3 +
4ℎ

3
(2𝑓𝑛 − 𝑓𝑛−1 + 2𝑓𝑛−2) 

(6) 

Corrector: 

𝑦𝑛+1 = 𝑦𝑛−1 +
ℎ

3
(𝑓𝑛+1 + 4𝑓𝑛 + 𝑓𝑛−1) 

(7) 
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RESULTS AND DISCUSSION 

In this section, we recall the SIRS mathematical model and provide the numerical schemes of the fourth-order 

Runge-Kutta and the Milne methods. 

SIRS Model and Numerical Schemes 

Mathematical models [14] are of important study. According to [15], the Susceptible-Infected-Recovered (SIR) 

model was used to simulate the spread the Dengue fever disease in South Sulawesi. The SIR model assumes that 

recovered individuals are not infected again. However, each individual has the opportunity to be susceptible to disease, 

so the SIRS model will be used in the transmission of Dengue fever disease in the present paper. The assumptions 

used are: the birth and death rates are considered constants, the total populations of humans and mosquitoes are 

considered constants, the SIRS model of the human population 𝑁ℎ is divided into three groups of individuals, namely 

Susceptible (𝑆ℎ ) representing the number of individuals who are susceptible to disease, Infected (𝐼ℎ) denoting the 

number of individuals who have suffered from the disease and actively transmit Dengue fever disease, and Recovered 

(𝑅ℎ) representing the number of individuals who have recovered from the disease. Individuals who have recovered 

have the possibility to return to the Susceptible subpopulation [16]. 

The mosquito population is divided into two subpopulations, namely, Susceptible (𝑆𝑣) which is a population of 

susceptible mosquitoes and Infected (𝐼𝑣) which is a population of infected mosquitoes. Schematically, the pattern of 

the spread of the Dengue Fever Disease can be described as in Figure 1. 

 
FIGURE 1. Human and vector populations in the SIRS model diagram 

 

From Figure 1, the system of differential equations is obtained as follows. The system of differential equations for 

human population (host): 

 
𝑑𝑆ℎ

𝑑𝑡
= 𝜇ℎ𝑁ℎ −

𝛽ℎ𝑏

𝑁ℎ
𝐼𝑣𝑆ℎ − 𝜇ℎ𝑆ℎ + 𝜃ℎ𝑅ℎ 

𝑑𝐼ℎ

𝑑𝑡
=

𝛽ℎ𝑏

𝑁ℎ 𝐼𝑣𝑆ℎ − (𝜇ℎ + 𝛾ℎ)𝐼ℎ 

𝑑𝑅ℎ

𝑑𝑡
= 𝛾ℎ𝐼ℎ − (𝜇ℎ + 𝜃ℎ)𝑅ℎ 

(8) 

 The system of differential equations for mosquito population (vector): 
𝑑𝑆𝑣

𝑑𝑡
= 𝜇𝑣𝑁𝑣 −

𝛽𝑣𝑏

𝑁ℎ 𝐼ℎ𝑆𝑣 − 𝜇𝑣𝑆𝑣 

𝑑𝐼𝑣

𝑑𝑡
=

𝛽𝑣𝑏

𝑁ℎ 𝐼ℎ𝑆𝑣 − 𝜇𝑣𝐼𝑣 

(9) 
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 Solving the SIRS model using the fourth-order Runge-Kutta method 

Let us consider system (8) and system (9). The numerical scheme for solving the SIRS model using the fourth-

order Runge-Kutta method employs the following values: 

𝑘1𝑆ℎ = ∆𝑡 (𝜇ℎ𝑁ℎ −
𝛽ℎ𝑏

𝑁ℎ 𝐼𝑛
𝑣𝑆𝑛

ℎ − 𝜇ℎ𝑆𝑛
ℎ + 𝜃ℎ𝑅𝑛

ℎ) 
(10) 

𝑘1𝐼ℎ = ∆𝑡 (
𝛽ℎ𝑏

𝑁ℎ 𝐼𝑛
𝑣𝑆𝑛

ℎ − (𝜇ℎ + 𝛾ℎ)𝐼𝑛
ℎ) 

(11) 

𝑘1𝑅ℎ = ∆𝑡(𝛾ℎ𝐼𝑛
ℎ − (𝜇ℎ + 𝜃ℎ)𝑅𝑛

ℎ) (12) 

𝑘1𝑆𝑣 = ∆𝑡 (𝜇𝑣𝑁𝑣 −
𝛽𝑣𝑏

𝑁ℎ 𝐼𝑛
ℎ𝑆𝑛

𝑣 − 𝜇𝑣𝑆𝑛
𝑣) 

(13) 

𝑘1𝐼𝑣 = ∆𝑡 (
𝛽𝑣𝑏

𝑁ℎ 𝐼𝑛
ℎ𝑆𝑛

𝑣 − 𝜇𝑣𝐼𝑛
𝑣) 

(14) 

𝑘2𝑆ℎ = ∆𝑡 [𝜇ℎ𝑁ℎ −
𝛽ℎ𝑏

𝑁ℎ (𝐼𝑛
𝑣 +

𝑘1𝐼𝑣

2
) (𝑆𝑛

ℎ +
𝑘1𝑆ℎ

2
) − 𝜇ℎ (𝑆𝑛

ℎ +
𝑘1𝑆ℎ

2
) + 𝜃ℎ (𝑅𝑛

ℎ +
𝑘1𝑅ℎ

2
)] 

(15) 

𝑘2𝐼ℎ = ∆𝑡 [
𝛽ℎ𝑏

𝑁ℎ (𝐼𝑛
𝑣 +

𝑘1𝐼𝑣

2
) (𝑆𝑛

ℎ +
𝑘1𝑆ℎ

2
) − (𝜇ℎ + 𝛾ℎ) (𝐼𝑛

ℎ +
𝑘1𝐼ℎ

2
)] 

(16) 

𝑘2𝑅ℎ = ∆𝑡 [𝛾ℎ (𝐼𝑛
ℎ +

𝑘1𝐼ℎ

2
) − (𝜇ℎ + 𝜃ℎ) (𝑅𝑛

ℎ +
𝑘1𝑅ℎ

2
)] 

(17) 

𝑘2𝑆𝑣 = ∆𝑡 [𝜇𝑣𝑁𝑣 −
𝛽𝑣𝑏

𝑁ℎ (𝐼𝑛
ℎ +

𝑘1𝐼ℎ

2
) (𝑆𝑛

𝑣 +
𝑘1𝑆𝑣

2
) − 𝜇𝑣 (𝑆𝑛

𝑣 +
𝑘1𝑆𝑣

2
)] 

(18) 

𝑘2𝐼𝑣 = ∆𝑡 [
𝛽𝑣𝑏

𝑁ℎ
(𝐼𝑛

ℎ +
𝑘1𝐼ℎ

2
) (𝑆𝑛

𝑣 +
𝑘1𝑆𝑣

2
) − 𝜇𝑣 (𝐼𝑛

𝑣 +
𝑘1𝐼𝑣

2
)] 

(19) 

𝑘3𝑆ℎ = ∆𝑡 [𝜇ℎ𝑁ℎ −
𝛽ℎ𝑏

𝑁ℎ (𝐼𝑛
𝑣 +

𝑘2𝐼𝑣

2
) (𝑆𝑛

ℎ +
𝑘2𝑆ℎ

2
) − 𝜇ℎ (𝑆𝑛

ℎ +
𝑘2𝑆ℎ

2
) + 𝜃ℎ (𝑅𝑛

ℎ +
𝑘2𝑅ℎ

2
)] 

(20) 

𝑘3𝐼ℎ = ∆𝑡 [
𝛽ℎ𝑏

𝑁ℎ (𝐼𝑛
𝑣 +

𝑘2𝐼𝑣

2
) (𝑆𝑛

ℎ +
𝑘2𝑆ℎ

2
) − (𝜇ℎ + 𝛾ℎ) (𝐼𝑛

ℎ +
𝑘2𝐼ℎ

2
)] 

(21) 

𝑘3𝑅ℎ = ∆𝑡 [𝛾ℎ (𝐼𝑛
ℎ +

𝑘2𝐼ℎ

2
) − (𝜇ℎ + 𝜃ℎ) (𝑅𝑛

ℎ +
𝑘2𝑅ℎ

2
)] 

(22) 

𝑘3𝑆𝑣 = ∆𝑡 [𝜇𝑣𝑁𝑣 −
𝛽𝑣𝑏

𝑁ℎ (𝐼𝑛
ℎ +

𝑘2𝐼ℎ

2
) (𝑆𝑛

𝑣 +
𝑘2𝑆𝑣

2
) − 𝜇𝑣 (𝑆𝑛

𝑣 +
𝑘2𝑆𝑣

2
)] 

(23) 

𝑘3𝐼𝑣 = ∆𝑡 [
𝛽𝑣𝑏

𝑁ℎ (𝐼𝑛
ℎ +

𝑘2𝐼ℎ

2
) (𝑆𝑛

𝑣 +
𝑘2𝑆𝑣

2
) − 𝜇𝑣 (𝐼𝑛

𝑣 +
𝑘2𝐼𝑣

2
)] 

(24) 

𝑘4𝑆ℎ = ∆𝑡 [𝜇ℎ𝑁ℎ −
𝛽ℎ𝑏

𝑁ℎ
(𝐼𝑛

𝑣 + 𝑘3𝐼𝑣)(𝑆𝑛
ℎ + 𝑘3𝑆ℎ) − 𝜇ℎ(𝑆𝑛

ℎ + 𝑘3𝑆ℎ) + 𝜃ℎ (𝑅𝑛
ℎ +

𝑘3𝑅ℎ

2
)] 

(25) 

𝑘4𝐼ℎ = ∆𝑡 [
𝛽ℎ𝑏

𝑁ℎ
(𝐼𝑛

𝑣 + 𝑘3𝐼𝑣)(𝑆𝑛
ℎ + 𝑘3𝑆ℎ) − (𝜇ℎ + 𝛾ℎ)(𝐼𝑛

ℎ + 𝑘3𝐼ℎ)] 
(26) 

𝑘4𝑅ℎ = ∆𝑡[𝛾ℎ(𝐼𝑛
ℎ + 𝑘3𝐼ℎ) − (𝜇ℎ + 𝜃ℎ)(𝑅𝑛

ℎ + 𝑘3𝑅ℎ)] (27) 

𝑘4𝑆𝑣 = ∆𝑡 [𝜇𝑣𝑁𝑣 −
𝛽𝑣𝑏

𝑁ℎ
(𝐼𝑛

ℎ + 𝑘3𝐼ℎ)(𝑆𝑛
𝑣 + 𝑘3𝑆𝑣) − 𝜇𝑣(𝑆𝑛

𝑣 + 𝑘3𝑆𝑣)] 
(28) 

𝑘4𝐼𝑣 = ∆𝑡 [
𝛽𝑣𝑏

𝑁ℎ (𝐼𝑛
ℎ + 𝑘3𝐼ℎ)(𝑆𝑛

𝑣 + 𝑘3𝑆𝑣) − 𝜇𝑣(𝐼𝑛
𝑣 + 𝑘3𝐼𝑣)] 

(29) 

The numerical integration using the fourth-order Runge-Kutta method for solving the SIRS model is stated as 

follows:  

Numerical scheme for the system of differential equations for human population (host) 

𝑆𝑛+1
ℎ = 𝑆𝑛

ℎ + 1
6⁄ (𝑘1𝑆ℎ + 2𝑘2𝑆ℎ + 2𝑘3𝑆ℎ + 𝑘4𝑆ℎ) (30) 

𝐼𝑛+1
ℎ = 𝐼𝑛

ℎ + 1
6⁄ (𝑘1𝐼ℎ + 2𝑘2𝐼ℎ + 2𝑘3𝐼ℎ + 𝑘4𝐼ℎ) (31) 

𝑅𝑛+1
ℎ = 𝑅𝑛

ℎ + 1
6⁄ (𝑘1𝑅ℎ + 2𝑘2𝑅ℎ + 2𝑘3𝑅ℎ + 𝑘4𝑅ℎ) (32) 

Numerical scheme for the system of differential equations for mosquito population (vector) 

𝑆𝑛+1
𝑣 = 𝑆𝑛

𝑣 + 1
6⁄ (𝑘1𝑆𝑣 + 2𝑘2𝑆𝑣 + 2𝑘3𝑆𝑣 + 𝑘4𝑆𝑣) (33) 

𝐼𝑛+1
𝑣 = 𝐼𝑛

𝑣 + 1
6⁄ (𝑘1𝐼𝑣 + 2𝑘2𝐼𝑣 + 2𝑘3𝐼𝑣 + 𝑘4𝐼𝑣) (34) 
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 Solving the SIRS model using the Milne method 

The numerical scheme of the Milne method to solve systems (6) and (7) with 𝑖 =  3, 4, 5, … is described in this 

subsection. Four initial values used in the Milne method will be taken from the fourth-order Runge-kutta method, 

which will be calculated first. The Milne method is a predictor-corrector method: 

Predictor 

 

(35) 

 

(36) 

 

(37) 

 

(38) 

𝐼𝑣𝑖+1
(0) = 𝐼𝑣𝑖−3 +

4∆𝑡

3
[2 (

𝛽𝑣𝑏

𝑁ℎ
𝐼𝑖

ℎ𝑆𝑖
𝑣 − 𝜇𝑣𝐼𝑖

𝑣) − (
𝛽𝑣𝑏

𝑁ℎ
𝐼𝑖−1

ℎ𝑆𝑖−1
𝑣 − 𝜇𝑣𝐼𝑖−1

𝑣) + 2 (
𝛽𝑣𝑏

𝑁ℎ
𝐼𝑖−2

ℎ𝑆𝑖−2
𝑣 − 𝜇𝑣𝐼𝑖−2

𝑣)] (39) 

Corrector 

 

(40) 

 

(41) 

 

(42) 

 

(43) 

𝐼𝑣𝑖+1 = 𝐼𝑣𝑖−1 +
∆𝑡

3
[(

𝛽𝑣𝑏

𝑁ℎ
𝐼ℎ𝑖+1

(0)𝑆𝑣𝑖+1
(0) − 𝜇𝑣𝐼𝑣𝑖+1

(0)) + 4 (
𝛽𝑣𝑏

𝑁ℎ
𝐼𝑖

ℎ𝑆𝑖
𝑣 − 𝜇𝑣𝐼𝑖

𝑣) + (
𝛽𝑣𝑏

𝑁ℎ
𝐼𝑖−1

ℎ𝑆𝑖−1
𝑣 − 𝜇𝑣𝐼𝑖−1

𝑣)] 

TABLE 1. Parameters and parameter descriptions. 

Parameter  Parameter and parameter descriptions 

𝜇ℎ The rate of birth and death of each individual 

𝛽ℎ𝑏 The rate of interaction between  𝐼𝑣 and 𝑆ℎ 

𝜃ℎ The rate of decline in individual immunity to disease. 

𝛾ℎ Each individual’s rate of healing 

𝜇𝑣 The birth and death rate of each of mosquito 

𝛽𝑣𝑏 The rate of interaction between  𝐼ℎand 𝑆ℎ 

The values of the parameters in Table 1 are available in the References [5] and [16]. These values are 

listed in Table 2. 

TABLE 2. Parameters and initial values. 

Parameter  Initial values. 

𝜇ℎ 0.000046 

𝛽ℎ𝑏 0.75 

𝜃ℎ 0.575 

𝛾ℎ 0.328833 

𝜇𝑣 0.0323 

𝛽𝑣𝑏 0.357 

𝑆(0)ℎ 318,337 

𝐼(0)ℎ 1,816 

𝑅(0)ℎ 1,800 

𝑆(0)𝑣 94,400 

𝐼(0)𝑣 5,600 

𝑁ℎ 321,953 

𝑁𝑣 100,000 
 

(44) 
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Numerical Results 

Parameter values and initial values that are already known in Table 2 will be used to simulate the SIRS model 

using the fourth-order Runge-Kutta method and the Milne method. The simulation results can be seen in the following 

graphs and error values. 

Simulation Using the MATLAB Software with Time Step is 2−4  

 
FIGURE 2. Simulation results of the SIRS model using time step equals to 2−4: a) simulation results using the 

fourth-order Runge-Kutta method, b) simulation results using the Milne method, c) simulation results using ODE45 

algorithm 

Simulation Using the MATLAB Software with Time Step is 20 

 

FIGURE 3. Simulation results of the SIRS model using time step equals to 20: a) simulation results using the fourth-order 

Runge-Kutta method, b) simulation results using the Milne method, c) simulation results using ODE45 algorithm. 
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Simulation results using the MATLAB software in Figure 2 and Figure 3 show that the rate of individuals who are 

susceptible to disease begins to decrease. This decline in this subpopulation is due to the birth rate and individuals 

losing immunity which is smaller than the infection rate which causes susceptible individuals to become infected. The 

infected population growth rate has increased; this is due to individuals who are susceptible to the disease will become 

infected individuals if bitten by mosquitoes that have been infected with the Dengue virus. The recovered population 

will also increase because after the infected individual experience treatment, they will recover from Dengue fever. 

Meanwhile, the number of mosquitoes that are susceptible to Dengue virus has decreased, and those infected have 

increased because from mosquitoes that are susceptible, they will become mosquitoes infected with Dengue virus 

which has the potential to spread Dengue fever in humans.  

Both figures show graphs with different behaviour patterns. The first picture shows the graphic pattern that occurs 

when the time step taken is small, namely at the time, the time step is 2−4, the graph of the fourth-order Runge-Kutta 

method and the Milne method run smoothly. While in the second picture, a larger time step is taken, when the time 

step is 1 it can be seen that the graph of the fourth-order Runge-Kutta method runs smoothly while the graph of the 

Milne method does not run smoothly. It can be seen at the end of the graph that the Milne method starts to oscillate. 

The Milne method has a good graph if the time steps taken are small. After looking at the graphs with different time 

steps, the following tables present the error values and accuracy levels for the fourth-order Runge-Kutta method and 

the Milne method. 
TABLE 3. The average error value for the fourth-order Runge-Kutta method 

𝒉 𝑺𝒉 𝑰𝒉 𝑹𝒉  𝑺𝒗 𝑰𝒗 

1 4.89e-007 9.72e-006 6.67e-005 3.61e-007 2.76e-006 

2−1 2.35e-008 5.33e-007 3.29e-006 1.94e-008 1.42e-007 

2−2 1.29e-009 3.09e-008 1.80e-007 1.12e-009 7.95e-009 

2−3 7.57e-011 1.85e-009 1.05e-008 6.79e-011 4.71e-010 

2−4 4.59e-012 1.13e-010 6.33e-010 4.24e-012 2.87e-011 

2−5 2.88e-013 7.02e-012 3.89e-011 2.90e-013 1.78e-012 

2−6 2.46e-014 4.51e-013 2.43e-012 5.20e-014 1.21e-013 

TABLE 4. The average error value for the Milne method 

𝒉 𝑺𝒉 𝑰𝒉 𝑹𝒉  𝑺𝒗 𝑰𝒗 

1 5.42e-003 4.91e-003 1.13e-002 7.71e-004 2.26e-004 

2−1 1.16e-003 1.16e-003 3.25e-003 1.01e-004 2.75e-005 

2−2 7.70e-004 5.42e-004 1.56e-003 4.28e-005 1.26e-005 

2−3 4.02e-004 1.40e-004 1.17e-004 3.90e-005 1.15e-005 

2−4 4.65e-005 6.08e-005 4.65e-005 1.10e-005 3.24e-006 

2−5 1.20e-006 3.61e-006 3.97e-006 8.88e-007 2.62e-007 

2−6 4.79e-008 1.35e-007 2.57e-007 3.91e-008 1.15e-008 

TABLE 5. The level of accuracy of the fourth-order Runge-Kutta method 

𝒉 𝐒𝐡 𝐈𝐡 𝐑𝐡  𝐒𝐯 𝐈𝐯 

1 - - - - - 

2−1 4.38 4.19 4.34 4.22 4.29 

2−2 4.19 4.108 4.19 4.12 4.15 

2−3 4.09 4.06 4.10 4.04 4.08 

2−4 4.04 4.03 4.05 4.00 4.04 

2−5 4.00 4.01 4.03 3.87 4.01 

2−6 3.55 3.96 4.00 3.48 3.88 

TABLE 6. The level of accuracy Milne method 

𝒉 𝐒𝐡 𝐈𝐡 𝐑𝐡  𝐒𝐯 𝐈𝐯 

1 - - - - - 

2−1 1.72 2.079 1.81 2.93 3.04 

2−2 1.09 1.10 1.06 1.24 1.11 

2−3 0.94 1.95 0.42 0.13 0.14 

2−4 3.11 1.20 4.65 1.83 1.83 
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TABLE 6. Continued 

𝒉 𝐒𝐡 𝐈𝐡 𝐑𝐡  𝐒𝐯 𝐈𝐯 

2−5 5.29 4.07 3.55 3.63 3.63 

2−6 4.63 4.74 3.95 4.51 4.51 

 

Table 3 and Table 4 show the error values for the fourth-order Runge-Kutta method and the Milne method. The 

time steps taken in calculating the average error value vary, which are 20, 2−1, 2−2, 2−3, 2−4, 2−5 and  2−6 for 5 

compartments, namely the population susceptible to disease (𝑆ℎ), the population infected with Dengue virus (𝐼ℎ), the 

population that has recovered from disease (𝑅ℎ), mosquitoes that are susceptible to the virus (𝑆𝑣) and mosquitoes that 

have been infected with the Dengue virus (𝐼𝑣). Tables 3 and 4 show that the average error values of the fourth-order 

Runge-Kutta method is smaller than the Milne method. This can be seen from the fourth-order Runge-Kutta method 

which has the smallest average error value of 2.46e-014, while the average error value of the Milne method is 1.15e-

008. 

Table 5 and Table 6 present the level (order) of accuracy. The level of accuracy of both numerical methods is 

calculated using the following formula [17]. 

𝑅𝑖 =
log (

𝐸𝑖

𝐸𝑖+1
)

log (
ℎ𝑖

ℎ𝑖+1
)

  

(45) 

where 𝐸𝑖 is the numerical method error at the time step ℎ𝑖.  

Tables 5 and 6 show the level (order) of accuracy of the fourth-order Runge-Kutta method and the Milne method. 

The fourth-order Runge-Kutta method has a relatively stable level of accuracy to the value of four, whereas the level 

of accuracy of the Milne method is quite oscillatory around four. 

CONCLUSION 

The fourth-order Runge-Kutta method produces graphs that are smooth and do not oscillate as the time step 

increases, has a small error value, and the level of accuracy is relatively stable to the value of four. The Milne method 

has an oscillating graph when the step time increases, the error value is larger, and the accuracy level is relatively 

oscillatory around four. Thus, in simulating the spread of Dengue fever disease with the SIRS model, the fourth-order 

Runge-Kutta method is better than the Milne method. 

ACKNOWLEDGMENTS 

The authors thank Sanata Dharma University for the funding support. The authors are also very grateful to the 

reviewers of this paper. 

REFERENCES 

1. D. K. Ningsih, J. Sains dan Seni ITS, 5, A7–A13, (2016). 

2. Y. M. Rangkuti and S. Side, J Conserv Dent. 2013, 16, 2013, (2013). 

3. H. S. Rodrigues, M. T. T. Monteiro, and D. F. M. Torres, Conf. Pap. Math., 1, 1–7, (2013). 

4. P. Y. Shu et al., Clin. Diagn. Lab. Immunol., 10, 622–630, (2003). 

5. Y. Pusparisa, Katadata Media Network, 2022. 

6. Widyawati, 2022. 

7. S. A. Londah, C. E. Mongi, and C. E. J. C. Montolalu, d’CARTESIAN, 8, 114, (2019). 

8. H. Purwanto, E. Noviani, and M. N. Mara, Bimaster, 03, 153–162, (2014). 

9. W. Sanusi, M. I. Pratama, M. Rifandi, S. Sidjara, Irwan, and S. Side, J. Phys. Conf. Ser., 1752, 1–11, (2021). 

10. R. U. Hurit and Sudi Mungkasi, Mathline  J. Mat. dan Pendidik. Mat., 6, 140–153, (2021). 

11. D. V. Griffiths and I. M. Smith, Numerical Methods for Engineers. McGraw-Hill Science/Engineering/Math, 

2006. 

12. E. R. Wulan and F. Hasanudin, J. Mat. Integr., 9, 131, (2013). 

13. S. L. Ross, Differential equations 3rd edition Shepley L.Ross.pdf. John Wiley and Sons, New York, 1984. 

070003-8

 
1
2
 
J
u
n
e
 
2
0
2
6
 
0
0
:
3
9
:
5
6

https://doi.org/10.1088/1742-6596/1752/1/012004
https://doi.org/10.35799/dc.8.2.2019.24066


14. Stillman, Gloria, Brown, and Jill, Vinculum, 48, 20, (2011). 

15. S. Side, Alimuddin, and A. Bani, J. Math. Comput. Stat., 1, 169–182, (2018). 

16. W. Sanusi et al., J. Appl. Math., 1, 1–8, (2021). 

17. N. Hidayat, Suhariningsih, A. Suryanto, and S. Mungkasi, Appl. Math. Sci., 8, 1411–1420, (2014). 

 

070003-9

 
1
2
 
J
u
n
e
 
2
0
2
6
 
0
0
:
3
9
:
5
6

https://doi.org/10.35580/jmathcos.v1i2.9240
https://doi.org/10.1155/2021/2918080


 


