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Preface: International Conference of Mathematics and Mathematics
Education (ICMME) 2022

It 15 wath great pleasure and anticipation that we present the proceedings of the Intemational Conference
on Mathematics and Mathematics Education (ICMME) 2022, Thus esteemed conference, held under the
theme "Improving Knowledge through Sustainable Innovation in the field of Education, Science,
Technology, Engineenng, and Mathematics,” marks a sigmficant nulestone in the global purswmt of
academic excellence and collaboration

Thus theme highlights the importance of sustanable innovation in strengthening the fields of education,
science, technology, engineering, and mathematics. In the context of a rapidly evolving global era
sustainable innovative approaches become key in improving educational practices and expanding our
understanding of the underlying concepts of science and technology. Through interdisciphinary and
international collaboration, this semunar aims to simulate creative thinking, encourage the development of
sustainable solutions, and promote ennching idea exchange to support sustainable progress in education
and science

We extend our sincere gratitude to the keynote speakers whose expertise and insights have enniched our
discussions:

1. Dr Ahmad Ridwan Tresna Nugraha, Head of Research Center for Quantum Physics, Indonesia

2. Dr Michiel Veldhws, from IPABO University of Applied Science and Utrecth Umversity, the
Netherlands

3. Assoc. Prof Dr. Masitah Shabrill, Graduate School of Education, Universiti Brunei Darussalam,
Brunei Darussalam

4. Assoc Prof Dr Nor Zilabint Abd Hamd, Universiti Pendidikan Sultan Idrs, Malaysia

This conference would not have been possible without the dedication and collaboration between the
Department of Mathematics Education at Umiversitas Sebelas Maret Surakarta and the Department of
Mathematics Education at Umiversiti Pendidikan Sultan Idnis. Your comnutment to fostering academuc
exchange and advancement i the fields of mathematics and education 15 truly commendable.

Held in ahybnd format from July 24th to 26th, 2022, at the Auditorium FKIP UNS, this conference has
brought together scholars, researchers, and practitioners from Malaysia, the Plulippines, Japan, Brune:
Darussalam, and Indonesia Through a blend of physical and virtual partcipation, we have transcended
geographical boundaries to facilitate meamngful dialogue and collaboration.

The diverse perspechves and innovative 1deas presented dunng this conference have undoubtedly
contributed to the advancement of knowledge and practice in mathematics and mathematics education. We
are confident that the papers included 1n these proceedings will serve as valuable resources for scholars and
practitioners alike, mspiring further research and development in the pursuit of excellence

We express our heartfelt appreciation to all participants, presenters, reviewers, and organizers for their
invaluable contnbutions to the success of ICMME 2022, May the insights gamed and connections forged
dunng this conference continue to resonate and dnve positive change in our respective fields

Thanlt vou for your participation and support

Sincerely,

Editors

Dr. Budi Usodo, M.Pd.

Dr. Imam Swadi, M Si.

Dr. Lala Fitnana M.Pd.

Mr. Agus Hendnyanto, M Pd.

Mr. Sant Sahara, M.Pd

Assoc. Prof Mazluu Adnan

Dr. Riyan Hidayat

Mr. Lukman Halam Muhaimin, M.Pd.
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In this paper, we describe the dynamics of the spread of African
swine fever (ASF) between pigs and ticks. A mathematical model
for the problem is recalled in this paper. The mathematical model
can be used to find strategies to reduce the number of pigs and
ticks infected with African swine fever disease. To be specific, the
Susceptible-Infected-Recovered-Susceptible-Infected (SIR-SI)
mathematical model for the ASF disease will be solved
numerically using the fourth-order Runge-Kutta and the Milne
methods. From simulation results, both methods perform well.
The solution patterns produced by the two methods are the same
as the pattern of the reference solution generated by the ODE45
algorithm in MATLAB software. We use the ODE45 algorithm as
the reference, because the exact analytical solution of the SIR-SI
model has not yet been found. In theory, the order of accuracy of
the fourth-order Runge-Kutta method is equal to that of the Milne
method. This is confirmed by simulations in this paper. From our
simulation results, the fourth-order Runge-Kutta method is more
effective in solving the SIR-SI model of the ASF disease spread
in comparison with the Milne method. This is supported by our
research findings based on smaller error values, but the same
order of accuracy of the fourth-order Runge-Kutta method in

comparison with those of the Milne method.
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Abstract. In this paper, we describe the dynamics of the spread of African swine fever (ASF) between pigs and ticks. A
mathematical model for the problem is recalled in this paper. The mathematical model can be used to find strategies to
reduce the number of pigs and ticks infected with African swine fever disease. To be specific, the Susceptible-Infected-
Recovered-Susceptible-Infected (SIR-SI) mathematical model for the ASF disease will be solved numerically using the
fourth-order Runge-Kutta and the Milne methods. From simulation results, both methods perform well. The solution
patterns produced by the two methods are the same as the pattern of the reference solution generated by the ODE45
algorithm in MATLAB software. We use the ODE45 algorithm as the reference, because the exact analytical solution of
the SIR-SI model has not yet been found. In theory, the order of accuracy of the fourth-order Runge-Kutta method is equal
to that of the Milne method. This is confirmed by simulations in this paper. From our simulation results, the fourth-order
Runge-Kutta method is more effective in solving the SIR-SI model of the ASF disease spread in comparison with the Milne
method. This is supported by our research findings based on smaller error values, but the same order of accuracy of the
fourth-order Runge-Kutta method in comparison with those of the Milne method.

INTRODUCTION

African swine fever or commonly called ASF is a disease caused by a kind of virus that affects domesticated pigs
or wild boars. ASF is a disease in the livestock of pigs that is quite dangerous and accompanied by a very high mortality
rate. This infectious disease is caused by the ASF virus which can infect members of the suidae [1]. Suidae is a family
of mammals commonly called pigs. This disease can spread quickly and the mortality rate it causes reaches more than
90% so that it can result in huge economic losses for some areas that are indeed one of the country's incomes in the
form of pig livestock or pork. When a pig is infected with ASF, it will develop high fever and bleeding of the internal
organs, redness of the chest and abdomen, bloody diarrhea, anorexia, atasia, paresis, convulsions, sometimes vomiting,
diarrhea, constipation, and cyanosis skin bleeding [2]. Usually pigs become depressed, on their backs, have difficulty
beating, and do not want to eat. Approximately within a week pigs infected with ASF will experience these things.
The disease is transmitted by contact with pigs infected with blood, body fluids, or corpses. The virus can remain in
the body from month to year, but it cannot infect human.

ASF virus is a double-stranded DNA virus of the genus Asfivirus. To date the ASF virus has only one serotype
although there are 23 genotypes with varying virulence. ASF is caused by a DNA virus with double strands of the
genus Asfivirus and the family Asfarviridae [3], [4]. The ASF virus is highly resistant to environmental influences,
and is stable at a pH of 4-13, as well as being able to withstand life in the blood (4°C) for 18 months, in cold meat for
15 weeks, in frozen meat for several years, in ham for 6 months and in pigsty for 1 month [5].

Sources of transmission such as blood, body fluids, and tissues of infected pigs are very risky because they contain
high concentrations of the virus. Contagion can occur in case of direct contact with a sick pig. Transmission can also
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occur through equipment, feed, and beverages that are already contaminated by the virus. In addition, transmission
can also occur through ticks that act as vectors of the ASF virus [6].

Until now, the government has not found a vaccine that can be used to prevent the spread of ASF disease.
Therefore, the most important strategic step in the process to prevent the spread of ASF is through the implementation
of biosecurity, good pig farm management, and strict and intensive supervision for areas at high risk of spreading ASF
disease.

MATHEMATICAL MODEL

In addition to the application of biosecurity and animal husbandry management, the development of science in the
field of mathematics also has an important role to be able to control the spread of the ASF disease, namely by applying
mathematical modeling. In this study, it will be discussed about mathematical modeling of the spread of ASF disease
with the SIR-SI model.

One example of a mathematical model that can be applied in the dynamics of the spread of ASF disease is the SIR-
SI (Susceptible-Infected-Recovered-Susceptible-Infected) epidemic model. This model has been widely used to
predict patterns of disease behavior that spread in pig and tick livestock over time in a given environment.

The mathematical model used consists of Sp, Ip, Rp, Sy, I which describes the dynamics of the spread of ASF
disease. The population is divided into several parts, namely, pigs susceptible to disease (Sp), infected pigs (Ip),
recovered pigs (Rp), ticks that are susceptible to disease (S7), and infected ticks (I;). A graphical representation of the
proposed model is shown in Figure 1.

Spl Spl
Ap B+ BT ale
B Sp » ’P = > Rr
4
e "y § ; Hp
v v
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| 51 »| I
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| B~y
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FIGURE 1. ASF disease spread model diagram.

Therefore, the mathematical model of the dynamics of the spread of ASF disease is regulated by a system of
differential equations as follows:

dSp Splp Sply

—— =Ap — UpSp _ﬁ1T_ﬁzT

dt

gz BlT+BZT_ (up + a + 8)Ip
P

A X
T Tip

dr = Ar — urSr — B3 N

dIT ST[P J

ac Py el
where S, (0) = 0, Ip(0) = 0, Rp(0) = 0, S+(0) = 0, and I;:(0) = 0 is the initial state.
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Descriptions of variables and parameters are given in Table 1.

TABLE 1. Parameters used in the SIR-SI model.

Notation Description
Ap The rate of increase in susceptible pigs
Ar The rate of increase susceptible ticks
Up The natural mortality rate of pigs
Ur The natural mortality rate of ticks
B The rate of infection of the disease in pigs through contact with infected pigs
B> The rate of infection of the disease in pigs through contact with infected ticks
B The rate of infection of the disease in ticks through contact with infected pigs
a The rate of recovery of pigs recovering from the disease
) Mortality rate from disease

NUMERICAL METHODS

Based on the above mathematical model, the fourth-order Runge-Kutta (RK4) method and the Milne method are
used to find solutions to the system of equations.

Fourth-Order Runge Kutta Method

The fourth-order Runge-Kutta method has been widely used because it has a high degree of accuracy. Suppose
that we are given the following system of equations:

dy

2 = f(x,
= f(x) 2
y(x0) = ¥o
Equation system (2) can be solved using the fourth-order Runge-Kutta method as follows:
1
Yit1 =Y + g(k1 + 2k; + 2k3 + ky) 3
with:
ki = hf (x;,y) 4)
1 1
ko =hfCi+5hyi+5k) ®)
1 1
ks =hf(xi +Shyi +5ks) (6)
ky = hf(x; + h,y; + k3) (@)

wherei =0,1,2,...,M —1and h = x;,, — x;. Here M is the number of steps in the free variable, and x; denotes the
discretized free variable.

Milne Method

Milne method is a multi-step method, consisting of a predictor and corrector to find solutions to a given initial
value problem. The Milne numerical scheme for solving equation system (2) has the following form [7]:
Predictor:

* 4h ! ! !
Yn+1 = Yn-3 + ?(ZYn = Yn-1 1 2Yn-2) (8)
Corrector:
h * ! !
Ynt1 = Yno1 T3 ner + 49+ ynoa) ©9)

with h = Xiy1 — Xi-

070001-3

00 :6€ :00 920Z aunfC 2T



NUMERICAL RESULTS

In this section, the simulation results will be described based on numerical calculations from the fourth-order
Runge-Kutta method and the Milne method. Numerical programming and simulation is performed using MATLAB
software. For all numerical simulations, the initial values and parameter values are presented in Table 2. The unit of

time used is day.

Taking into account the initial values of each of the populations S (0), I»(0), Rp(0), S+(0), I7(0), the solution

based on the fourth-order Runge-Kutta method is described using the numerical scheme as follows:

1

SPi+1 = SPi + g(leP + 2k25p + 2k33P + k45p)
1

1Pi+1 = IPi + g(klIP + 2k21p + 2k31P + k4'1P)

1

RPi+1 = RPi + g(klRP + ZkZRp + 2k3RP + k4‘RP)
1

STi+1 = STi + g(leT + ZkZST + 2k3ST + k4ST)

1
ITi+1 = ITi + g(kllT + 2k21T + 2k3IT + k4‘IT)
with h is the time step, and i is the iteration index, as well as:

kis, = h<AP — upSp, — 1 N B2 N
kipp = h<ﬁ1 ]lV “+ B, ]lV = (up +a+6)IPi

kigp, = h(alpi - .UPRPi)

St,1p;
k1sT =h|Ar - “TSTi — B3 N

St,p;
k11T =h <B3 N HTITL->

(5o, + %kl,.,_')(lpl + %km,) L (S, + %k“,,)(l“ *%"'u-’-)

1
kzsp = h II\F Hp (30",- t Eknp) - B N 2 N

—

1 1 1
5kys 5k S 5Kisn + 5k
Ky = h ‘ﬁx (Sp‘ b5 l\P)v(’r_, b3 lfp) + B, (s‘,,‘ + 3K ‘J)\'(Ir. +3 ”r_) SO ‘S)(Ir, +ék”’,)

1 1
kar, =h [a’ (IPi + zku;’) — Up (RPL- + zklRp):l

(STL- + %kmr) (Ipi + %kllp)

1
kys, = h|Ar — ur (STL- + Ekm‘T) —Bs

N
1 1
Sr.+5k Ip. + 5k
ke = h ,83( ) 1ST2V( Pty 11p) o <1Ti +%k“T>

i (e, + 3kasy) (1o, + 3Haip) (S, +5kass) (b, + 3 hary)

khpthp—m{g“+ggw)-m e g, /
e e Vo4 Yk s e M 4k .
ks, = h [/?1 (5p, + Zkz.srj)v(lpl + Zl‘.v-P) t B ("m + 2’\., p‘)v(l,_x + 21‘-'1’) (fp + @+ 6) (lp[ | %kh‘r)
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(18)
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1 1
k3gp, = h [a <IPL- + §k21p> — Up <RPL- + EkZRp):l (27)

(STi + %kst) (IPi + %kyp)

1
kss, = h|Ar — ur (STi + §k25T> - P N (28)
1 1
(STL- + jkzsr) (IPi + jkyp) 1
k3. = h|B3 N — Ur (IT,- + Ek21T> (29)
(Sp, + kssp) (Ip, + k3y,) (Sp; + kssp) (Ir, + kiy)
ks, = h [AP - ﬂP(SPi + k3sp) = b1 PN = — B, PN L (30)
(Sp; + kssp)(Ip, + k) (Sp, + kasp) (Ir, + ki)
ks, =h [31 PN 2+ B, PN = — (up+a+ 5)(’& + k31p) (31)
karp = h[a(lp, + ksip) — up(Rp, + kg, )] (32)
(STi + kss )(IPi + kayp)
kys, = h [AT - #T(STi + k3sT) - P TN L (33)
k41T =h [33 : TN - P — .uT(ITi + k31T) (34)
While the Milne method is described as follows:
Predictor: _ _
She =S Mll (An — ppSs,, ~ 8, > \I A -S""""-j!"' ) = (8 — S, — B2 IF gy fi:':‘ L)+ 2{Ar —pS, By 5"5.:'}“ . "’"-"‘VI\:‘( ]I (35)
1y, + {;I.‘lu. ':\_ 3 4 ,.\" ~ ity +a + 5y, ) r{.::, e, -,‘_'7‘—‘ PR \' Ly + @ 48, ) § .-|:,'i ,"',_‘,.',', + 5 s-":' ~ (g +a+ 8 -')l (36)
4h
R;i+1 = RPi—3 + ?[Z(QIPL'—Z - ‘uPRPi—z) - (alpi—l - MPRPi—1) + z(alpi - #PRP )] (37)
4h A _ s Sl
STy =51, .—'l2 Ar = prSt, , =P r.&'{_;) = ("\r = WSt — Ps 2n N' )" 1( = HydSt, = 3 —T‘VL)] (38)
Sr. 1 S St.1p.
Iy, =Ir_ +—= [ (.33 Tiz Pz _ #TITi_Z) (33 UL _”TITi_l) +2 <ﬁ3 TIIVPL _MTIT,)] (39)
Corrector:
S Sp, " ,{. (Ar HpSr, i ?_’*"V:'L B \:ﬁ\{‘:;‘> " ;|:. Ao — JipSp, — I E',"‘[‘ |j\”.‘ l 4 (‘\,, "F"‘i"‘.‘ A \igf‘l, s \L"\::,] (40)
by, =t + ':' ||:':;, S .;' Li8 S ‘-\,r" L — (pp + x4 .:.:t,.“;.) 3 4(;.‘. \'\[’ 3 i, c'.‘l"f - (pp + 2 # -'*”«.) t (m \’\, + 8, S_'I {1ty + @ + 8)); )l (41)
h
RPi+1 = RPi—1 + 3 [(alpi—1 - 'uPRPi 1) + 4(a1Pi - MPRPi) + (aI;Hl - ‘uPR;iﬂ)] (42)
h .‘ |I 1 . S nlpu ~e S.l-ll;.‘u
e +3 (/\r = HrSy,, - Bs- L )+ 4(/\1 = WSy, — B3 T,V )+ ("\J = HMrSty,, — lﬁ%)l (43)
St 1 1 St Iy
Iy, =1Ir_, +3 [(ﬁs Tt Pin urly,_ 1) + 4<ﬂ3 LR .uTITi) + <ﬁ3 %_ #TI;m)] (44)

It is worth emphasizing that the initial values and parameter values in Table 2 are taken from Kouidere et al. [8].
The h value in Table 2 is specially selected considering that the simulation results will be quite accurate and the
simulation process is relatively short.

TABLE 2. Description, Initial Values, and Variable Parameter Values in Simulating the Spread of ASF Disease using the SIR-SI

Model [1].
Notation Description Initial Value
Sp The initial state of susceptible pigs 10000
Ip The initial state of infected pigs 8000
Rp The initial state of recovering pigs 3000
Sr The initial state of susceptible ticks 30000
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TABLE 2. Continued

Notation Description Initial Value
Ir The initial state of infected ticks 10000
N Population numbers 61000
Ap The rate of increase in susceptible pigs 670
Ar The rate of increase susceptible ticks 40
Up The natural mortality rate of pigs 0.03
Ur The natural rate of death of ticks 0.01
B The rate of infection of the disease in pigs through contact with 0.02

infected pigs '
B, The rate of infection of the disease in pigs through contact with
. - 0.01
infected ticks
Bs The rate of infection of the disease in ticks through contact with 0.01
infected pigs '
a The rate of recovery of pigs recovering from the disease 0.02
1) Mortality rate from disease 0.02
h Time steps for SIR-SI models 0.5

This section consists of three stages of solution where the first stage describes the solution using the fourth-order
Runge-Kutta method, the second stage describes the solution using the Milne method, and the third stage describes
the comparison of errors and the degree of accuracy between the fourth-order Runge-Kutta method and the Milne
method, where the ODE45 algorithm solutions are the reference solutions.

Simulation Results of the fourth-order Runge-Kutta Method

The formulation of the fourth-order Runge-Kutta method for the solution of the SIR-SI model of the spread of
ASF disease can be written as in equations (10), (11), (12), (13), and (14). Using the initial values and parameter
values as shown in Table 2, a solution is obtained as shown in Figure 2. It is worth emphasizing that the exact analytical
solution of the SIR-SI model has not yet been invented.

The Soumr 4 6.5 Wt By |y 20 et et
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FIGURE 2. Solution to the SIR-SI model of ASF disease spread using the fourth-order Runge-Kutta method.

Figure 2 provides the behavior of the spread of ASF disease with the SIR-SI model using the fourth-order Runge-
Kutta method. From the graph obtained, it can be seen that the magnitude of the Sp, that is, the population of pigs
susceptible to the disease increases over time. The population of I, that is, the population of pigs infected with the
disease has decreased. The population of Rp, that is, the population of pigs recovering from the disease increases and
then decreases over time. The population of S, namely the population of ticks that are susceptible to disease, has
decreased over time. The latter is the population of I, that is, the population of ticks infected with the disease decreases
over time. Towards the end of the period, the population of S, increased slowly corresponding to the populations of
Ip, Rp, St, and I that fell asymptotically towards zero.

070001-6

00 :6€ :00 920Z aunfC 2T



Milne Method Simulation Results

The formulation of Milne method for solving SIR-SI model of the dynamics of the spread of ASF disease can be
written as in the equation (40), (41), (42), (43), and (44). Using the initial values and parameter values presented in
Table 2, the solution obtained is shown as in Figure 3. It is worth emphasizing that the exact analytical solution of the
SIR-SI model has not been invented to date.
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FIGURE 3. Solutions for the SIR-SI model of ASF deployment using the milne method

The results of simulating the spread of ASF disease with the SIR-SI model using the Milne method are shown in
Figure 3. The acquisition of a solution graph using the Milne method is similar to the pattern of spreading the results
of the fourth-order Runge-Kutta method. The behavior is the same.

Error Comparison between Fourth-Order Runge-Kutta and Milne Solutions

This section specifically describes the comparison of errors and the degree of accuracy between the solutions
produced by the fourth-order Runge-Kutta method (Figure 2), the Milne method (Figure 3), and the reference solution
shown in Figure 4. Figure 2-4 illustrates the same behavior of the solution for the SIR-SI model.

In order to prove which method is the most accurate among the fourth-order Runge-Kutta method and the Milne
method in the spread of ASF disease, the error and accuracy of these two methods must be measured. Therefore, the
reference solution used is the ODE45 algorithm in MATLAB.
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FIGURE 4. Solutions for the SIR-SI model of ASF disease spread using ODE45 algorithm.
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In order to test the accuracy level of each method, we use timescales of 1, 0.5, 0.25, 0.125, and 0.0625. Next, it
will be calculated the numerical errors and the accuracy (convergence) rate. To calculate the degree of accuracy
(convergence) rate we use the formula based on Hidayat et al. [9]:

TABLE 3. Average error of the fourth-order Runge-Kutta method.

_ log (Ei+1

E;

AX}

)

. log (Axiﬂ)

where E; is the error corresponding to simulation using free variable step Ax; and E;., is the error corresponding to
simulation using free variable step Ax;, .

At ESp Elp ERp ESy Ely
1 4.69 x 107° 2.34x107° 7.91 x 1077 3.49 x 107° 1.16 x 1078
0.5 2.00 x 10710 7.99 x 1078 2.72x 1078 1.39 x 10710 459 x 10710
0.25 9.41 x 10712 2.65x107° 8.86 x 10710 6.87 x 10712 2.21x 1071t
0.125 5.13x 10713 9.14 x 10~ ¢ 292x 10711 421x 10713 1.33x 10712
0.0625 2.98 x 1074 347 x 10712 1.01 x 10712 2.70 x 10~ 8.55 x 10~
TABLE 4. Accuracy rate of the fourth-order Runge-Kutta method.
At CRSp CRIp CRRp CRSy CRIy
1 — — — — —
0.5 4,55 4,88 4,87 4,65 4,67
0.25 4,41 491 4,94 4,34 4,38
0.125 4,20 4,86 4,93 4,03 4,05
0.0625 4,11 4,72 4,85 3,97 3,96
TABLE 5. Average error of the Milne method.
At ESp Elp ERp ESy Ely
1 3.27 x107° 1.74 x 107° 5.68 x 1077 2.65x 107° 8.92 x 107°
0.5 1.81 x 10710 6.98 x 1078 2.30x%x 1078 1.33 x 10710 436 x 10710
0.25 9.86 x 10712 2.56x107° 835x 1071  7.35x 10712 2.36x 10711
0.125 5.66 x 10713 9.66 x 10711 3.06x 10711 453x10713 1.50 x 10712
0.0625 3.20 x 10~ 3.55 x 10712 1.03x107'2 282x107%4 8.90 x 10~
TABLE 6. Accuracy rate of the Milne method.
At CRSp CRIp CRRp CRSy CRIy
1 — — — — —
0.5 4.18 4,64 4,63 4,31 4,36
0.25 4.21 4,78 4,79 4,18 4,22
0.125 4,14 4,79 4,84 4,02 4,04
0.0625 4,12 4,69 4,81 4,00 3,99

(45)

From Table 3 and Table 5, it can be seen that the average error value between compartments using the fourth-order
Runge-Kutta method is smaller than the average error value between compartments using the Milne method. In
addition, from Table 4 and Table 6 it can be seen that the accuracy of each compartment using the fourth-order Runge-
Kutta method is generally higher when compared to the accuracy rate of each compartment using the Milne method.
This fourth-order Runge-Kutta method can be applied to solve other models of disease spread, such as the problems
discussed in [2], [3], [4], and [5]

CONCLUSION

The solution to the spread of ASF disease with the SIR-SI model in this paper is shown as in the numerically
generated graph using the MATLAB program for the fourth-order Runge-Kutta method and the Milne method. The
accuracy rate of the numerical solutions of these two methods is measured based on the reference solution of the
ODE45 algorithm in MATLAB software.
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In this study also applied the reference solution of the ODE45 algorithm because until now there is no proper
analytical solution for the SIR-SI model. The solution graph for the SIR-SI model shows that the numerical solution
generated by both methods has the same behavior as the reference solution used.

The accuracy of the fourth-order Runge-Kutta method is equal to as that of Milne method. This theory has been
confirmed in this paper numerically by comparing the average error values and the degree of accuracy of each method.
The calculation results show that the average error of the fourth-order Runge-Kutta method is smaller than that of the
Milne method and the accuracy rate of the fourth-order Runge-Kutta method is equal to the accuracy level of the
Milne method. Therefore, it can be concluded that the fourth-order Runge-Kutta method is more effective when
compared with the Milne method in its application to solve the SIR-SI model of the spread of ASF disease. The use
of large time steps is also very influential on the application of the Milne method. The greater the time step used, the
resulting solution graph will undergo oscillations.

ACKNOWLEDGMENTS

Some of this work was a part of the first author's thesis written under the supervision of the second author. The
funding support given by Sanata Dharma University in this research is gratefully acknowledged by the authors.

REFERENCES

=

R. E. Montgomery, Journal of Comparative Pathology and Therapeutics 34, 159-191 (1921).

2. 1. Sendow, A. Ratnawati, NLP. I. Dharmayanti, and M. Saepulloh, Indonesian Bulletin of Animal and Veterinary
Sciences 30 (1), 15(2020).

3. J. M. Rodriguez, L. T. Moreno, A. Alejo, A. Lacasta, F. Rodriguez, and M. L. Salas, PLoS One 10 (11), 1-22
(2015).

4, J.C. Gomez-Villamandos, M.J. Bautista, P.J. Sanchez-Cordon, and L. Carrasco, Virus Research 173 (1), 140—
149 (2013).

5. D. Beltrdn-Alcrudo, M. Arias, C. Gallardo, S. A. Kramer, M. L. Penrith, African swine fever: Detection and
Diagnosis (FAO, Rome, 2017), p. 88.

6. A.M.O. Alvarez and I. A. Marcotegui, “Pathology of African swine fever”, in African Swine Fever, edited by

Y. Becker (Martinus Nijhoff Publishing, Boston, 1987), pp. 11-20.

S. L. Ross, Differential Equations (John Wiley & Sons, Inc., New York, 1984), p. 807

A. Kouidere, O. Balatif, and M. Rachik, Chaos, Solitons and Fractals 146, 110867 (2013).

9. N. Hidayat, Suhariningsih, A. Suryanto, and S. Mungkasi, Applied Mathematical Sciences 8 (29), 1411-1420
(2014).

10. Y. K. Lede and S. Mungkasi, “Performance of The Runge-Kutta Methods in Solving a Mathematical Model for
The Spread of Dengue Fever Disease,” in ICSAS, 2019, AIP Conference Proceedings 2202, (AIP Publishing
LLC, Melville, NY, 2019).

11. R.U. Huritand S. Mungkasi, Mathline: Jurnal Matematika dan Pendidikan Matematika, 6 (2), 140-153 (2021).

12. L. Simangunsong and S. Mungkasi, “Fourth Order Runge-Kutta Method for Solving a Mathematical Model of
The Spread of HIV-AIDS,” in ICoLiST 2020, AIP Conference Proceedings 2353, (AIP Publishing LLC,
Melville, NY, 2021).

13. C.D. Pratiwi and S. Mungkasi, “Euler’s and Heun’s Numerical Solutions to a Mathematical Model of the Spread

of COVID-19,” in ICoLiST 2020, AIP Conference Proceedings 2353, (AIP Publishing LLC, Melville, NY,

2021).

o N

070001-9

00 :6€ :00 920Z aunfC 2T


https://doi.org/10.1016/S0368-1742(21)80031-4
https://doi.org/10.14334/wartazoa.v30i1.2479
https://doi.org/10.14334/wartazoa.v30i1.2479
https://doi.org/10.1371/journal.pone.0142889
https://doi.org/10.1016/j.virusres.2013.01.017
https://doi.org/10.1016/j.chaos.2021.110867
https://doi.org/10.12988/ams.2014.4124
https://doi.org/10.31943/mathline.v6i2.176

P

y . o Kam uso
Certificate of Oral Presentation G20 (arbei
and Paper Acceptance AIP K& T3

NIVERSITI
B [PENDIDIKAN
=%/ SULTAN [DR]S

SULTAN IDRIS EDUCATION UNIVERSITY

s [ UNIVERSITAS
9/ SEBELAS MARET

The 2 International Conference
of Mathematics
and Mathematics Education

Improving Knowledge

through Sustainable Innovation
in the field of Education, Science,
Technology, Engineering,
and Mathematics

@sinta Scopus’

Certificate number: 057/icmme/2/vii/2022 © Ordinal

Dear Researcher: Maria Yasinta Bhoki

This is to certify that the scientific paper entitled:

Mathematical Model of the Spread of African Swine Fever Disease
and Its Numerical Solutions Based on the Fourth-Order Runge-Kutta
and the Milne Methods

has been presented and accepted by the committee in the
2" International Conference of Mathematics and Mathematics Education,
which was held on July 24-26 in Surakarta, Indonesia.

Surakarta, 26 July 2022

Assoc. Prof. Mohd. Faizal Nizam Lee Dr. Laila Fitriana, M.Pd.
Dean of Fakulti Sains Matematik UPSI Chairwoman




