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In January 2020, COVID-19 began spreading in Malaysia from Wuhan, 
China, and subsequently escalated into a pandemic, having a significant 
impact on public health development. Hence, scientists use 
mathematical epidemiological models, such as SIR and SEIR, to forecast 
the trends and growth of the spread dynamics of COVID-19 disease to 
take preventive measures to prevent the outbreak pandemic. This 
study aimed to analyse and compare both epidemiological models with 
different numerical methods using actual data. Numerical methods, 
such as the Euler method, the implicit multistep method, the Fourth-
Order Runge-Kutta method, and the Adams-Bashforth-Moulton 
method, are used in epidemiological simulations to improve the 
accuracy of disease spread predictions. The performance results for 
both epidemiological models with different numerical methods are 
analysed and compared with exact data to determine the suitable 
model and methods that yield the most reliable predictions with lower 
relative error by using the MATLAB software to predict the efficiency 
and accuracy of the spread dynamics of COVID-19 during the pandemic 
in Malaysia, 2021. Hence, the results showed that the SIR model, when 
applied to the infected population using the Euler method, and the SEIR 
model, when applied to the recovered population using the Fourth 
Order Runge-Kutta method, produced higher accuracy in simulating 
the spread of COVID-19 at every time interval. 
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1. Introduction 

The first detection of coronavirus in Wuhan, China, on 25 January 2020[1] had spread widely to an outbreak 
pandemic in February 2020, and caused the implementation of the Movement Control Order is conducted [2]to 
reduce the infectious wave of COVID-19 widely. The second wave of COVID-19 in 2020 rapidly increased the 
number of infections in the population, reaching a high emergency level. The absence of a vaccine in 2020 led the 
pandemic to worsen, damaging public health. 

The epidemic model identifies the trends of epidemic behaviours of infectious diseases [3], which was 
developed by Daniel Bernoulli in 1760 to address the issue of smallpox inoculation, which brings a significant 
threat to public health [4]. This study was applied to analyse and predict the trends of pandemic diseases.  Many 
scientists have applied the epidemiological model to predict and analyse the rapid spread of COVID-19, to ensure 
that the precautions taken can lower the spread of COVID-19. Anderson Gray McKendrick and Janet-Leigh Claypon 
had first developed the SIR model in the 1920s during the Black Death pandemic [5]. Then they had a large impact 
on the development of the epidemic research [6]. This model has been extended into the SEIR model by 
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incorporating the exposed population, representing individuals who are infected but remain in the incubation 
phase, which is outside the susceptible population [7].  

Epidemic models are suitable to apply and simulate with numerical approaches to play a role in 
approximating and forecasting the change of the population by the infectious disease in the long-term. Many 
previous research studies apply Euler’s and Fourth-Order Runge-Kutta methods[8],[9]to compare and 
approximate the spread of pandemic disease dynamics within a population through simple computational 
implementation and programming algorithms. The Adams-Bashforth-Moulton method (ABM) also has high 
potential to be simulated in the epidemiological model to predict the change of the spread of COVID-19 to provide 
more accurate insights [10]. Hence, the comparison of three numerical methods is chosen to determine which 
numerical method simulates the epidemiological model better with high accuracy under the application of 
MATLAB software, to obtain the forecast prediction accuracy of the COVID-19 pandemic. 

This research concentrates on the comparison of predictive accuracy between the SIR and SEIR models with 
three numerical methods chosen, and the actual population data. The actual dataset for Malaysia's daily pandemic 
cases is obtained from the official dataset of the Malaysian Government’s Open Data Portal [11]. MATLAB software 
is applied in programming to analyse the relative error between the numerical methods for both compartmental 
models. This research analysis is used to examine and determine the most effective numerical method and 
compartmental model for analysing and simulating the predictions of the population by COVID-19. 

2. Methodology 

2.1 Epidemiological Models Parameter Estimation 

The values for every population stated in the compartmental models are based on the first 200 days of 2021, as 
this period led to a high number of infections and resulted in a significant outbreak. The initial values for every 
population in the SIR and SEIR models are obtained from the beginning of 31 December 2020. 

The assumption value for every parameter in the epidemiological model is determined by using the Python-
based computational approach with the ordinary least squares method [12] derived from the actual daily cases 
dataset.  

Table 1: Parameter value description and representation values.[11], [12] 

Parameter Representation Initial Value 

S Susceptible 
SIR Model: 32,673,012 

SEIR Model: 32,670,487 

E Exposed 2,525 

I Infected 23,599 

R Recovered 1,489 

N Overall population 32,698,100 

𝛽𝑆 Transmission rate (SIR Model) 0.0902 

𝛽𝐸  Transmission rate (SEIR Model) 0.0907 

𝜎 Incubation rate 1.0025 

𝛾 Recovery rate 0.0856 

2.2  SIR Model 

The system of the SIR model is formulated with three differential equations: , the rate of change of the daily 

susceptible population, , the rate of change of the daily infected population, and , the rate of change of the 

daily recovered population with time. This model has been covered with transmission rate (β) and recovery rate 
(γ) as parameters in the SIR model. 

 

Fig. 1 The diagram of the SIR model [13] 

 

S I R 

𝛽 

 
 𝛾 
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The equations involved in the SIR model are shown below.  

 
𝑑𝑆

𝑑𝑡
= −

𝛽𝑆𝑆 

 
  (1) 

𝑑 

𝑑𝑡
=
𝛽𝑆𝑆 

 
− 𝛾   (2) 

𝑑𝑅

𝑑𝑡
= 𝛾  (3) 

2.2.1 Euler’s Method for SIR Model 

𝑆𝑛+1 = 𝑆𝑛 + ℎ
𝑑𝑆

𝑑𝑡
= 𝑆𝑛 + ℎ (−

𝛽𝑆𝑆𝑛 𝑛
 

)  (4) 

 𝑛+1 =  𝑛 + ℎ
𝑑 

𝑑𝑡
=  𝑛 + ℎ (

𝛽𝑆𝑆𝑛 𝑛
 

− 𝛾 𝑛) (5) 

𝑅𝑛+1 = 𝑅𝑛 + ℎ
𝑑𝑅

𝑑𝑡
= 𝑅𝑛 + ℎ(𝛾 𝑛)  (6) 

2.2.2 Fourth Order Runge-Kutta (RK4) Method for SIR Model  

The computation of the Fourth Order Runge-Kutta method for the susceptible population under the SIR model is 
shown below, while 𝑠1, 𝑠2, 𝑠3, 𝑠4are represented as slope estimates of the susceptible population and 𝑖1, 𝑖2, 𝑖3, 𝑖4 
represented as slope estimates of the infected population in the RK4 method. 

 
𝑠1 = ℎ (−

𝛽𝑆𝑆𝑛 𝑛
 

) (7) 

 

𝑠2 = ℎ(−
𝛽𝑆 (𝑆𝑛 +

𝑠1
2
) ( 𝑛 +

𝑖1
2
)

 
)   (8) 

 

 
𝑠3 = ℎ(−

𝛽𝑆 (𝑆𝑛 +
𝑠2
2
) ( 𝑛 +

𝑖2
2
)

 
) (9) 

 
𝑠4 = ℎ (−

𝛽𝑆(𝑆𝑛 + 𝑠3)( 𝑛 + 𝑖3)

 
) 

(10) 

 
   𝑆𝑛+1 = 𝑆𝑛 +

1

6
(𝑠1 + 2𝑠2 + 2𝑠3 + 𝑠4) 

(11) 

The computation of the Fourth Order Runge-Kutta method for the infected population under the SIR model. 

𝑖1 = ℎ (
𝛽𝑆𝑆𝑛 𝑛
 

− 𝛾 𝑛) (12) 

𝑖2 = ℎ(
𝛽𝑆 (𝑆𝑛 +

𝑠1
2
) ( 𝑛 +

𝑖1
2
)

 
− 𝛾 ( 𝑛 +

𝑖1
2
)) (13) 

𝑖3 = ℎ(
𝛽𝑆 (𝑆𝑛 +

𝑠2
2
) ( 𝑖 +

𝑖2
2
)

 
− 𝛾 ( 𝑛 +

𝑖2
2
)) (14) 
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𝑖4 = ℎ (
𝛽𝑆(𝑆𝑛 + 𝑠3)( 𝑖 + 𝑖3)

 
− 𝛾( 𝑛 + 𝑖3)) (15) 

 𝑛+1 =  𝑛 +
1

6
(𝑖1 + 2𝑖2 + 2𝑖3 + 𝑖4) 

(16) 

The computation of the Fourth Order Runge-Kutta method for the recovered population under the SIR model 
is shown below, while 𝑟1, 𝑟2, 𝑟3, 𝑟4 represented as slope estimates of the recovered population in the RK4 method. 

𝑟1 = ℎ(𝛾 𝑛) (17) 

𝑟2 = ℎ(𝛾 ( 𝑛 +
𝑖1
2
)) (18) 

𝑟3 = ℎ(𝛾 ( 𝑛 +
𝑖2
2
)) (19) 

𝑟4 = ℎ(𝛾( 𝑛 + 𝑖3)) (20) 

   𝑅𝑛+1 = 𝑅𝑛 +
1

6
(𝑟1 + 2𝑟2 + 2𝑟3 + 𝑟4) 

(21) 

2.2.3 Adams-Bashforth-Moulton Method (ABM) for SIR Model 

The equations below represent the Adams-Bashforth predictor method for the SIR model: 

𝑆𝑛+1
𝑝

= 𝑆𝑛 +
ℎ

24
(55 𝑓(𝑡𝑛, 𝑆𝑛,  𝑛) − 59𝑓(𝑡𝑛−1, 𝑆𝑛−1,  𝑛−1) + 37𝑓(𝑡𝑛−2, 𝑆𝑛−2,  𝑛−2) − 9𝑓(𝑡𝑛−3, 𝑆𝑛−3,  𝑛−3)) 

= 𝑆𝑛 +
ℎ

24
(55( −

𝛽𝑆𝑆𝑛 𝑛
 

) − 59(−
𝛽𝑆𝑆𝑛−1 𝑛−1

 
) + 37(−

𝛽𝑆𝑆𝑛−2 𝑛−2
 

) − 9(−
𝛽𝑆𝑆𝑛−3 𝑛−3

 
)) 

      (22) 

 𝑖+1
𝑝
=  𝑛 +

ℎ

24
(55 𝑓(𝑡𝑛, 𝑆𝑛,  𝑛) − 59𝑓(𝑡𝑛−1, 𝑆𝑛−1,  𝑛−1) + 37𝑓(𝑡𝑛−2, 𝑆𝑛−2,  𝑛−2) − 9𝑓(𝑡𝑛−3, 𝑆𝑛−3,  𝑛−3)) 

=  𝑛 +
ℎ

24
(55( 

𝛽𝑆𝑆𝑛 𝑛
 

− 𝛾 𝑛) − 59( 
𝛽𝑆𝑆𝑛−1 𝑛−1

 
− 𝛾 𝑛−1) + 37( 

𝛽𝑆𝑆𝑛−2 𝑛−2
 

− 𝛾 𝑛−2) − 9( 
𝛽𝑆𝑆𝑛−3 𝑛−3

 
− 𝛾 𝑛−3)) 

(23) 

𝑅𝑖+1
𝑝

= 𝑅𝑛 +
ℎ

24
(55 𝑓(𝑡𝑛,  𝑛) − 59𝑓(𝑡𝑛−1,  𝑛−1) + 37𝑓(𝑡𝑛−2,  𝑛−2) − 9𝑓(𝑡𝑛−3,  𝑛−3))                      

= 𝑅𝑛 +
ℎ

24
(55 𝛾 𝑛 − 59𝛾 𝑛−1 + 37𝛾 𝑛−2 − 9𝛾 𝑛−3) 

(24) 
Then, these equations proceed with the Adams-Moulton corrector method: 

𝑆𝑛+1 = 𝑆𝑛 +
ℎ

24
(9𝑓(𝑡𝑛+1, 𝑆𝑛+1

𝑝
,  𝑛+1
𝑝
) + 19𝑓(𝑡𝑛, 𝑆𝑛,  𝑛) − 5𝑓(𝑡𝑛−1, 𝑆𝑛−1,  𝑛−1) + 𝑓(𝑡𝑛−2, 𝑆𝑛−2,  𝑛−2))  

= 𝑆𝑛 −
ℎ

24
(9
𝛽𝑆𝑆𝑛+1

𝑝
 𝑛+1
𝑝

 
+ 19

𝛽𝑆𝑆𝑛 𝑛
 

− 5 
𝛽𝑆𝑆𝑛−1 𝑛−1

 
+
𝛽𝑆𝑆𝑛−2 𝑛−2

 
) 

(25) 

 𝑛+1 =  𝑛 +
ℎ

24
(9𝑓(𝑡𝑛+1, 𝑆𝑛+1

𝑝
,  𝑛+1
𝑝
) + 19𝑓(𝑡𝑛, 𝑆𝑛 ,  𝑛) − 5𝑓(𝑡𝑛−1, 𝑆𝑛−1,  𝑛−1) + 𝑓(𝑡𝑛−2, 𝑆𝑛−2,  𝑛−2)) 

=  𝑖 +
ℎ

24
(9( 

𝛽𝑆𝑆𝑖+1
𝑝
 𝑖+1
𝑝

 
− 𝛾 𝑖+1

𝑝
) + 19( 

𝛽𝑆𝑆𝑖 𝑖
 

− 𝛾 𝑖) − 5( 
𝛽𝑆𝑆𝑖−1 𝑖−1

 
− 𝛾 𝑖−1) + ( 

𝛽𝑆𝑆𝑖−2 𝑖−2
 

− 𝛾 𝑖−2)) 

(26) 
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𝑅𝑛+1 = 𝑅𝑛 +
ℎ

24
(9𝑓(𝑡𝑛+1,  𝑛+1

𝑝
) + 19𝑓(𝑡𝑛,  𝑛) − 5𝑓(𝑡𝑛−1,  𝑛−1) + 𝑓(𝑡𝑛−2,  𝑛−2))                              

= 𝑅𝑛 +
ℎ

24
(9𝛾 𝑛+1

𝑝
+ 19𝛾 𝑛 − 5𝛾 𝑛−1 + 𝛾 𝑛−2) 

  (27) 

2.3 SEIR Model 

The SIR model is extended to the SEIR model by adding one extra equation: 
dE

dt
, represents the rate of change of 

the exposed population with time, and the incubation rate (σ) is introduced into every equation of the systems of 
the SEIR model, which can increase the prediction accuracy of the population. 
 

 

Fig. 2 The diagram of the SEIR model [14] 

The equations involved in the SEIR model are shown below.  
 

𝑑𝑆

𝑑𝑡
= − 

𝛽𝐸𝑆 

 
 

(28) 

𝑑𝐸

𝑑𝑡
=
𝛽𝐸𝑆 

 
− 𝜎𝐸  

(29) 

𝑑 

𝑑𝑡
= 𝜎𝐸 − 𝛾  

(30) 

𝑑𝑅

𝑑𝑡
= 𝛾  

(31) 

 

2.3.1 Euler’s Method - SEIR Model 

        𝑆𝑛+1 = 𝑆𝑛 + ℎ
𝑑𝑆

𝑑𝑡
= 𝑆𝑛 + ℎ (−

𝛽𝐸𝑆𝑛 𝑛
 

) 
  
(32) 

 
  𝐸𝑛+1 = 𝐸𝑛 + ℎ

𝑑𝐸

𝑑𝑡
= 𝐸𝑛 + ℎ (

𝛽𝐸𝑆𝑛 𝑛
 

− 𝜎𝐸𝑛) 
(33)  

       𝑛+1 =  𝑛 + ℎ
𝑑 

𝑑𝑡
=  𝑛 + ℎ(𝜎𝐸𝑛 − 𝛾 𝑛) 

(34) 

𝑅𝑛+1 = 𝑅𝑛 + ℎ
𝑑𝑅

𝑑𝑡
= 𝑅𝑛 + ℎ(𝛾 𝑛) 

(35) 

2.3.2 Runge-Kutta Fourth Method (RK4) - SEIR Model 

The computation of the Fourth Order Runge-Kutta method for the susceptible population under the SEIR model 
is shown below, while 𝑠1, 𝑠2, 𝑠3, 𝑠4are represented as slope estimates of the susceptible population and 𝑖1, 𝑖2, 𝑖3, 𝑖4 
represented as slope estimates of the infected population in the RK4 method. 

𝑠1 = ℎ (−
𝛽𝐸𝑆𝑛 𝑛
 

) 
(36) 

 

S E I R 

𝛽 

 
 𝜎 𝛾 
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𝑠2 = ℎ(−
𝛽𝐸 (𝑆𝑛 +

𝑠1
2
) ( 𝑛 +

𝑖1
2
)

 
) 

(37) 

𝑠3 = ℎ(−
𝛽𝐸 (𝑆𝑛 +

𝑠2
2
) ( 𝑛 +

𝑖2
2
)

 
) 

(38) 

𝑠4 = ℎ(−
𝛽𝐸(𝑆𝑛 + 𝑠3)( 𝑛 + 𝑖3)

 
) 

(39) 

𝑆𝑛+1 = 𝑆𝑛 +
1

6
(𝑠1 + 2𝑠2 + 2𝑠3 + 𝑠4) 

(40) 

 

The computation of the Fourth Order Runge-Kutta method for the exposed population under the SEIR model 
is shown below, while 𝑒1, 𝑒2, 𝑒3, 𝑒4 represented as slope estimates of the exposed population in the RK4 method. 

 

The computation of the Fourth Order Runge-Kutta method for the infected population under the SEIR model. 

𝑖1 = ℎ(𝜎𝐸𝑛 − 𝛾 𝑛) (46) 

𝑖3 = ℎ (𝜎 (𝐸𝑛 +
𝑒2
2
) − 𝛾 ( 𝑛 +

𝑖2
2
)) (48) 

𝑖4 = ℎ(𝜎(𝐸𝑛 + 𝑒3) − 𝛾( 𝑛 + 𝑖3)) 
(49) 

 𝑛+1 =  𝑛 +
1

6
(𝑖1 + 2𝑖2 + 2𝑖3 + 𝑖4) 

(50) 

 
The computation of the Fourth Order Runge-Kutta method for the recovered population under the SEIR 

model, while 𝑟1, 𝑟2, 𝑟3, 𝑟4 represented as slope estimates of the recovered population in the RK4 method. 

𝑟1 = ℎ(𝛾 𝑛) 
(51) 

𝑟2 = ℎ(𝛾 ( 𝑛 +
𝑖1
2
)) (52) 

𝑟3 = ℎ(𝛾 ( 𝑛 +
𝑖2
2
)) (53) 

𝑟4 = ℎ(𝛾( 𝑛 + 𝑖3)) 
(54) 

𝑒1 = ℎ (
𝛽𝐸𝑆𝑛 𝑛
 

− 𝜎𝐸𝑛) (41) 

𝑒2 = ℎ(
𝛽𝐸 (𝑆𝑛 +

𝑠1
2
) ( 𝑛 +

𝑖1
2
)

 
− 𝜎 (𝐸𝑛 +

𝑒1
2
)) 

(42) 

𝑒3 = ℎ(
𝛽𝐸 (𝑆𝑛 +

𝑠2
2
) ( 𝑛 +

𝑖2
2
)

 
− 𝜎 (𝐸𝑛 +

𝑒2
2
)) 

(43) 

𝑒4 = ℎ(
𝛽𝐸(𝑆𝑛 + 𝑠3)( 𝑛 + 𝑖3)

 
− 𝜎(𝐸𝑛 + 𝑒3)) (44) 

𝐸𝑛+1 = 𝐸𝑛 +
1

6
(𝑒1 + 2𝑒2 + 2𝑒3 + 𝑒4) 

(45) 

𝑖2 = ℎ (𝜎 (𝐸𝑛 +
𝑒1
2
) − 𝛾 ( 𝑛 +

𝑖1
2
)) (47) 
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𝑅𝑛+1 = 𝑅𝑛 +
1

6
(𝑟1 + 2𝑟2 + 2𝑟3 + 𝑟4) 

(55) 

 

2.3.3 Adams-Bashforth-Moulton (ABM) for SEIR Model 

The equations below represent the Adams-Bashforth predictor method for the SEIR model: 

𝑆𝑛+1
𝑝

= 𝑆𝑛 +
ℎ

24
(55 𝑓(𝑡𝑛, 𝑆𝑛,  𝑛) − 59𝑓(𝑡𝑛−1, 𝑆𝑛−1,  𝑛−1) + 37𝑓(𝑡𝑛−2, 𝑆𝑛−2,  𝑛−2) − 9𝑓(𝑡𝑛−3, 𝑆𝑛−3,  𝑛−3)) 

= 𝑆𝑛 +
ℎ

24
 (55( −

𝛽𝐸𝑆𝑛 𝑛
 

) − 59(−
𝛽𝐸𝑆𝑛−1 𝑛−1

 
) + 37(−

𝛽𝐸𝑆𝑛−2 𝑛−2
 

) − 9(−
𝛽𝐸𝑆𝑛−3 𝑛−3

 
)) 

(56)  

𝐸𝑛+1
𝑝

= 𝐸𝑛 +
ℎ

24
(55 𝑓(𝑡𝑛, 𝑆𝑛 , 𝐸𝑛 ,  𝑛) − 59𝑓(𝑡𝑛−1, 𝑆𝑛−1, 𝐸𝑛−1,  𝑛−1) + 37𝑓(𝑡𝑛−2, 𝑆𝑛−2, 𝐸𝑛−2,  𝑛−2)

− 9𝑓(𝑡𝑛−3, 𝑆𝑛−3, 𝐸𝑛−3,  −3)) 

       = 𝐸𝑛 +
ℎ

24
(55( 

𝛽𝐸𝑆𝑛 𝑛
 

− 𝜎𝐸𝑛) − 59( 
𝛽𝐸𝑆𝑛−1 𝑛−1

 
− 𝜎𝐸𝑛−1) + 37( 

𝛽𝐸𝑆𝑛−2 𝑛−2
 

− 𝜎𝐸𝑛−2) − 9( 
𝛽𝐸𝑆𝑛−3 𝑛−3

 

− 𝜎𝐸𝑛−3)) 

(57)  

 𝑛+1
𝑝

=  𝑛 +
ℎ

24
(55 𝑓(𝑡𝑛, 𝐸𝑛,  𝑛) − 59𝑓(𝑡𝑛−1, 𝐸𝑛−1,  𝑛−1) + 37𝑓(𝑡𝑛−2, 𝐸𝑛−2,  𝑛−2) − 9𝑓(𝑡𝑛−3, 𝐸𝑛−3,  𝑛−3)) 

                         =  𝑛 +
ℎ

24
(55( 𝜎𝐸𝑛 − 𝛾 𝑛) − 59( 𝜎𝐸𝑛−1 − 𝛾 𝑛−1) + 37(𝜎𝐸𝑛−2 − 𝛾 𝑛−2) − 9(𝜎𝐸𝑛−3 − 𝛾 𝑛−3)) 

(58)  

𝑅𝑛+1
𝑝

= 𝑅𝑛 +
ℎ

24
(55 𝑓(𝑡𝑛,  𝑛) − 59𝑓(𝑡𝑛−1,  𝑛−1) + 37𝑓(𝑡𝑛−2,  𝑛−2) − 9𝑓(𝑡𝑛−3,  𝑛−3))                      

= 𝑅𝑛 +
ℎ

24
(55 𝛾 𝑛 − 59𝛾 𝑛−1 + 37𝛾 𝑛−2 − 9𝛾 𝑛−3) 

(59)  

Then, these equations proceed with the Adams-Moulton corrector method: 

𝑆𝑛+1 = 𝑆𝑛 +
ℎ

24
(9𝑓(𝑡𝑛+1, 𝑆𝑛+1

𝑝
,  𝑛+1
𝑝
) + 19𝑓(𝑡𝑛, 𝑆𝑛,  𝑛) − 5𝑓(𝑡𝑛−1, 𝑆𝑛−1,  𝑛−1) + 𝑓(𝑡𝑛−2, 𝑆𝑛−2,  𝑛−2)) 

= 𝑆𝑛 +
ℎ

24
(9( −

𝛽𝐸𝑆𝑛+1
𝑝
 𝑛+1
𝑝

 
) + 19( −

𝛽𝐸𝑆𝑛 𝑛
 

) − 5( −
𝛽𝐸𝑆𝑛−1 𝑛−1

 
) + ( −

𝛽𝐸𝑆𝑛−2 𝑛−2
 

)) 

(60)  

𝐸𝑛+1 = 𝐸𝑛 +
ℎ

24
(9𝑓(𝑡𝑛+1, 𝑆𝑛+1

𝑝
, 𝐸𝑛+1

𝑝
,  𝑛+1
𝑝
) + 19𝑓(𝑡𝑛, 𝑆𝑛, 𝐸𝑛 ,  𝑛) − 5𝑓(𝑡𝑛−1, 𝑆𝑛−1, 𝐸𝑛−1,  𝑛−1)

+ 𝑓(𝑡𝑛−2, 𝑆𝑛−2, 𝐸𝑛−2,  𝑛−2)) 

 = 𝐸𝑛 +
ℎ

24
(9( 

𝛽𝐸𝑆𝑛+1
𝑝
 𝑛+1
𝑝

 
− 𝐸𝑛+1

𝑝
) + 19( 

𝛽𝐸𝑆𝑛
𝑝
 𝑛
𝑝

 
− 𝐸𝑛

𝑝
) − 5 ( 

𝛽𝐸𝑆𝑛−1
𝑝
 𝑛−1
𝑝

 
− 𝐸𝑛−1

𝑝
) + ( 

𝛽𝐸𝑆𝑛−2
𝑝
 𝑛−2
𝑝

 
− 𝐸𝑛−2

𝑝
)) 

(61)  

 𝑛+1 =  𝑛 +
ℎ

24
(9𝑓(𝑡𝑛+1, 𝐸𝑛+1

𝑝
,  𝑛+1
𝑝
) + 19𝑓(𝑡𝑛, 𝐸𝑛 ,  𝑛) − 5𝑓(𝑡𝑛−1, 𝐸𝑛−1,  𝑛−1) + 𝑓(𝑡𝑛−2, 𝐸𝑛−2,  𝑛−2)) 

=  𝑛 +
ℎ

24
(9(𝜎𝐸𝑛+1

𝑝
− 𝛾 𝑛+1

𝑝
) + 19(𝜎𝐸𝑛 − 𝛾 𝑛) − 5(𝜎𝐸𝑛−1 − 𝛾 𝑛−1) + (𝜎𝐸𝑛−2 − 𝛾 𝑛−2)) 

(62)  
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𝑅𝑛+1 = 𝑅𝑛 +
ℎ

24
9𝑓(𝑡𝑛+1,  𝑛+1

𝑝
) + 19𝑓(𝑡𝑛,  𝑛) − 5𝑓(𝑡𝑛−1,  𝑛−1) + 𝑓(𝑡𝑛−2,  𝑛−2))                             

= 𝑅𝑛 +
ℎ

24
(9𝛾 𝑛+1

𝑝
+ 19𝛾 𝑛 − 5𝛾 𝑛−1 + 𝛾 𝑛−2)   

(63) 

3. Results and Discussion 

This section shows and explains the results of epidemiological models under the basic formulation and three 
different numerical methods with the initial data and constant step size, h=1, which represents every step as one 
day. The results of every epidemiological model and numerical method are compared to determine the accuracy 
of whether this model or numerical approach is suitable for disease prediction. 

3.1 Comparison Prediction Analysis Between SIR And SEIR Models 

Fig. 3 to Fig. 5 displayed the prediction analysis of susceptible, infected, and recovered populations between SIR 
and SEIR models under graphical visualization. The relative error between the SIR and SEIR models in every 
population was also analysed using graphical analysis. 
 

  
(a)                                                                                                     (b) 

Fig. 3 (a) Prediction of both epidemiological models between the predicted and actual susceptible population; 
 (b) The relative error graph comparing both epidemiological models for the susceptible population 

 

 

(a)                                                                                                    (b) 

Fig. 4 (a) Prediction of both epidemiological models between the predicted and actual infected population;  
(b) The comparison of relative error for both epidemiological models for the infected population 
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(a)                                                                                                        (b) 

Fig. 5 (a) Prediction of both epidemiological models between the predicted and actual recovered population; 
 (b) The comparison of the relative error for both epidemiological models for the recovered population 

 
Both epidemiological models predicted that the susceptible population would decrease slightly, as shown in 

the actual data, but it was assumed that the SEIR model would yield lower relative error than the SIR model. The 
changes in the actual infected population are significantly volatile over time and produce a large absolute 
difference during the time interval [69,112] due to the uncontrolled outbreak spreading the disease widely. 
Through the comparison of relative errors in SIR and SEIR models with exact data, both relative error results had 
increased until achieving the largest absolute difference on the 96th day, but most of the time iterations, the 
relative error in the SEIR model is slightly higher than the SIR model, which showed a less accurate prediction 
with exact infected population data. 

The delivery of the first batch of vaccines, which began on 24th February 2021, was distributed to all citizens 
under the National COVID-19 Immunization Programme to help citizens build strong immunity protection against 
infection. But the celebration of Hari Raya Aidilfitri on 13th May 2021 allows all Muslim people to socialize without 
following the movement restrictions [15] and the implementation of the Recovery Movement Control Order 
(RMCO) aims to restart social and economic sectors that involve high levels of movement, had led to the confirmed 
cases and infected clusters significantly increasing [16]. After around 180 days, the total city-wide Full Movement 
Control Order (FMCO) was implemented to close all social and economic business activities from 1st June until 
28th June 2021 due to sharply increasing active cases.  

The actual recovered population and prediction for both epidemiological models significantly increased every 
200 days. Through the comparison of relative errors in SIR and SEIR models with actual data, the relative errors 
in both epidemiological models significantly fluctuate, but the graph shows that the relative error in the SIR model 
is always higher than the SEIR model every day, which means that the SEIR model has proved a closer prediction.  
The full lockdown action and the presence of vaccines have increased the number of recoveries and controlled the 
spread of COVID-19 from the outbreak pandemic. 

3.2 Comparison of Numerical Methods in Both Epidemiological Models  

Fig. 6 illustrates the comparison between the exact data and trends prediction of the infected and recovered 
populations using SIR and SEIR models with three numerical methods. The graphical findings in every population 
are analysed under the step size, h=1.  

 

(a)                                                                                                   (b) 

Fig. 6 Comparison of three numerical methods in the (a) infected; (b) recovered populations under the SIR and 
SEIR models 
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3.3 Relative Error Analysis in Numerical Methods and Epidemiological Models 

Fig. 7 illustrates the relative error comparison analysis between three numerical methods simulated in both SIR 
and SEIR models and the exact data in every population. The mean relative error in every population is conducted 
on Table 3 and Table 4 to determine the comparative accuracy of the numerical method with the basic calculation 
of the epidemiological model as exact solutions in the disease predictions.  
 

 

(a)                                                                                                   (b) 

Fig.7 The relative error between three numerical methods in (a) infected; (b) recovered populations in both 
epidemiological models 

Table 3 Average relative error between SIR and SEIR with three numerical methods in the infected 
population 

Numerical method SIR SEIR 

Euler 0.508219997 0.515075411 

RK4 0.508396791 0.515230285 

ABM 0.508396791 0.515234944 

Table 4 Average relative error between SIR and SEIR with three numerical methods in the recovered 
population. 

Numerical method SIR SEIR 

Euler 0.122651366 0.119063997 

RK4 0.122184594 0.118689508 

ABM 0.122184594 0.118690432 

 
Based on the results in Table 3, the relative error shown by the SEIR model has been higher than that of the 

SIR model every time in the infected population, resulting in the SIR model performing better in terms of accuracy 
prediction in the infected population. The larger change in the infected population over the whole 200 days led to 
an unstable transmission rate during the spread of COVID-19. Meanwhile, based on the results in Table 4, the 
prediction of the recovered population in the SEIR model demonstrated a higher accuracy with lower mean 
relative error over time compared with the SIR model.  

In the comparison of three numerical methods, the Euler method performed better in terms of prediction 
accuracy for the infected population under the SIR model, achieving the lowest average relative error among all 
compartmental models and numerical methods. The unstable change in the infected population may lead to a 
simple numerical method able to achieve more accurate and closer predictions. In the recovered population, the 
mean relative error of the Fourth Order Runge-Kutta method is lower than that of the Adams-Bashforth-Moulton 
method and the Euler method under the SEIR model due to the constant rate of increasing daily recoveries. Hence, 
the Fourth-order Runge-Kutta method provides highly stable simulation performance under the SEIR model, 
which showed highly stable and accurate predictive insights with the addition of the exposed population.  

4. Conclusion 

This research results in the SIR model with the Euler method, which may provide more accurate predictions of 
disease behaviour in the infected population due to the unstable change in the spread of COVID-19. In contrast, 
the SEIR model with the Runge-Kutta Fourth method was demonstrated to provide more stable predictions in the 
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recovered population over a long period due to the fixed increasing daily recoveries. However, the accuracy 
depends on estimates of the change of the confirmed cases and active cases, the duration of the MCO phase, and 
the cooperation of citizens in handling the pandemic. Further analysis can be conducted on epidemiological model 
issues to obtain more accurate spread of disease prediction insights to prevent the outbreak pandemic in the long-
term. 
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