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ABSTRACT. This article discusses the solution to the non-linear differential equation system for the spread of COVID-
19 with SEIR (Susceptible, Exposed, Infected, Recovered) model using the Homotopy Perturbation Method. Specifically,
this article examines the impact of moving the recovered subpopulation back to the susceptible subpopulation on the
spread of COVID-19 in the city of Medan. The data used is real data for the city of Medan in 2021. The results of
constructing a model for the spread of COVID-19 were analyzed to obtain a disease-free critical point. By using the
Next Generation Matrix method, the Basic Reproduction number Ry = 4.61 is obtained, this indicates that COVID-19
is still possible to spread in Medan City. Simulations using the Homotopy Perturbation Method numerical approach
and the results compared with the Runge Kutte Order 4 method show results that accurately describe the dynamics
of the spread of COVID-19 in Medan City. The very small error indicates that the Homotopy Perturbation Method is
very suitable for use in solving non-linear differential equation systems, especially in the SEIRS model of the spread of
COVID-19. The simulation results show that the impact of the movement of recovered sub-populations to susceptible
sub-populations results in accelerated transmission of COVID-19. The greater the number of movements higher the

rate of spread of COVID-19.

1. Introduction

At the end of 2019, the international community was
shocked by the emergence of the SARS-COV-2 virus, known as
COVID-19, which is an infectious virus that attacks anyone, in-
cluding babies, children, and adults. This virus spread rapidly
throughout the world, so the World Health Organization (WHO)
established COVID-19 as a global pandemic on March 8, 2020 [1].
How the COVID-19 spread system can be represented in mathe-
matical modeling [2-5].

Mathematical modeling is one way of describing a real
phenomenon or system using mathematical language. Through
mathematical models, complex problems can be described more
simply and easily understood. Mathematical modeling can also
be used to analyze and predict system behavior through the
use of mathematical concepts, principles, and and equations [6].
Mathematical modeling helps us predict the best way to control
disease by taking into account how the disease spreads |7, 8].
Through the analysis of mathematical models, we can describe
the dynamics of disease spread, determine critical points, test
stability, determine the basic reproductive number (R,), and ex-
amine the parameters that are most influential in the spread of
disease. Many researchers use mathematical modeling to study
the spread of infectious diseases. [9-14].

In general, in a system of non-linear differential equations,
the analytic solution is difficult to find; therefore, a numerical
approach is very appropriate to use to produce a solution. A nu-
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merical approach is a technique used to formulate mathematical
problems so that they can be solved by ordinary arithmetic cal-
culation operations or counting by using numbers [15]. The Ho-
motopy Perturbation Method (HPM) is one of the various semi-
analytical methods that serves to find solutions to various lin-
ear and nonlinear differential equations and linear and non-linear
partial differential equations [16]. The result of the method is in
the form of an infinite series [17]. The advantage of this method
compared to other analytical methods is that HPM is a series ex-
pansion method that provides convergent series solutions, and
the perturbation equation is easy to construct [18]. The Homo-
topy Perturbation Method (HPM), with the properties of accuracy
and accuracy in determining exact solutions, is very suitable to
be applied to modeling the spread of infectious diseases [19].

Some previous researchers have applied the Homotopy Per-
turbation Method (HPM) to infectious disease-spread problems,
including: The analysis of the homotopy perturbation method
(HPM) and its application for solving infectious disease models
[19] discusses HPM as an effective approach to overcoming math-
ematical models that are difficult to solve analytically. The homo-
topy perturbation method for solving the SIR infectious disease
model by incorporating vaccination discusses analytical solutions
with HPM in the SIR model showing disease extinction within a
certain period of time [20]. In Ayoade’s research using the Homo-
topy Perturbation method on the dynamics of the spread of the
mumps disease SIR model, the results confirm that HPM is able
to solve the epidemic model [21].

This article discusses the spread of the COVID-19 SEIR
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model (Susceptible, Exposed, Infected, Recovered). By using real
data for Medan City in 2021. In this study, a modified SEIR
mathematical model was constructed by involving the param-
eter of moving the recovered sub-population back to the sus-
ceptible sub-population. The dynamic model is analyzed to see
the dynamics of the spread of COVID-19 and how much impact
the return of the cured sub-population to the susceptible sub-
population has on the spread of COVID-19 in Medan City. The
parameter values used in the simulation of the spread of COVID-
19 refer to the mathematical model that has been studied by [22],
and some parameter values used refer to previous researchers.
Calculations and simulations were carried out with Matlab and
Maple software, applying the homotopy perturbation method
and the 4th-order Runge Kutta method.This article is divided into
six sections. The first section reveals the background. Section
two explains the theory of the Homotopy Perturbation Method
and SEIR Model; section three discusses the process of analyzing
the SEIR model and constructing the numerical scheme of the Ho-
motopy Perturbation Method; section four, simulation and dis-
cussion; section five, conclusion; and acknowledgments in sec-
tion six, submitted to Medan State University as the funder of
this research.

This article is divided into six sections. The first section
reveals the background. Section two explains the theory of the
Homotopy Perturbation Method and SEIR Model; section three
discusses the process of analyzing the SEIR model and construct-
ing the numerical scheme of the Homotopy Perturbation Method;
section four, simulation and discussion; section five, conclusion;
and acknowledgement in section six, submitted to Medan State
University as the funder of this research.

2. Homotopy Perturbation Method and Mathematical SEIR
Model

2.1. Homotopy

Homotopy in mathematics is an approach used to classify
geometric regions based on the different types of paths that can
be formed within those regions. When two continuous functions
can be continuously transformed into each other while maintain-
ing the stability of their endpoints and remaining within the spec-
ified region, this is known as a homotopy between the two func-
tions.

Consider X and Y as topological spaces, and f and g as
continuous maps from X to Y. Ahomotopy between f and g isa
continuous function ' : X x [0,1] — Y that satisfies F'(z,0) =
f(z) and F(z,1) = g(z) for all x in X. If such a homotopy
exists, we say that f is homotopic to g, denoted as f ~ g. If f is
homotopic to a constant map, denoted as f ~ const,, where y
is an element in Y, then we say that f is nullhomotopic.

2.2. Homotopy Perturbation Method

The Homotopy Perturbation Method is an analytical tech-
nique used to solve both linear and nonlinear differential equa-
tions. It utilizes the concept of homotopy from topology to gen-
erate a series solution that converges and transforms the non-
linearities present in the system of differential equations into a
homotopy-Maclaurin series. This method employs a power series
expansion, which effectively converts the nonlinear terms into
a sequence of linear equations. By employing the homotopy-
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Maclaurin series, the Homotopy Perturbation Method enables
the handling of the system’s nonlinearities. When two contin-
uous functions transition from one topological space to another
and one transforms into the other, it is considered to be homo-
topic.

In accordance with [23], the homotopy perturbation tech-
nique involves introducing a parameter p, known as the homo-
topy parameter, which ranges from 0 to 1. As we begin the cal-
culations, at p = 0, the system of equations simplifies to a basic
form, resulting in a straightforward solution. As p increases to-
wards 1, the system undergoes deformation, and the solutions
mimic the progressive stages of deformation. At p = 1, the sys-
tem assumes its unique equation form, and in the final stage of
deformation, the desired solution to the system of equations is
obtained. An important characteristic of the HPM is that typically
only a few perturbation terms are needed to achieve an accurate
solution.

Let’s consider the following functions:

A(u) — f(r) =0 where r € ®. (1)

Subject to boundary conditions:
B <u, 8u) =0withr € D.
on

Here, we have A, B, f(r), and D representing a general dif-
ferential operator, a boundary operator, a known analytic func-
tion, and a boundary of the domain (®), respectively. The opera-
tor A is further divided into two components: the linear part (L)
and the nonlinear part (V). With this information, eq. (1) can be
written as follows:

L(u) 4+ N(u) — f(r)=0.

By using the homotopy technique, proposed by [24], we con-
struct a homotopy: (r,p) : ® x [0,1] — R which satisfies:

K(v,p) = (1-p)[L(v)—L(vo)]+p[L(v)+N(v)—f(r)] =0 (2)
and
K(v,p) = L(v) — L(uo) + pL(uo) + p[N(v) — f(r)] = 0. (3)

Here, ug is an initial approximation of eq. (3) which satisfies the
given conditions. Thus:
* At p = 0 then

K(v,0) = L(v) — L(ug).
* Andatp=1
K(v,1) = A(v) — f(r) =0.

As the parameter p changes from 0 to 1 then (r, p changes from
uo(r) to r this is called deformation in topology, and L(v) —
L(ug) and A(v) — f(r) are homotopic to each other. Asp € [0, 1]
is a small parameter, consider the solution of eq. (2) as a power
series in p as indicated as:

v =g +pu1 +p vyt (4)
The solution of eq. (1) can also be obtained approximately as:

u = limv = vy + pv1 + p?va + - - -.
p>1

Which represents the convergent series solution.

Volume 4 | Issue 2 | December 2023
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Figure 1. A Schematic Representation of SEIR Model

2.3.  SEIR Model

The compartment model shown in Figure 1 is used to
formulate a system of nonlinear differential equations, which
is then incorporated into the Homotopy Perturbation Method.
The obtained equations are subsequently solved to find analyt-
ical solutions for each compartment. In this research, a four-
compartmental model is developed to study the dynamics of di-
arrhea transmission using ordinary differential equations [25].

Let NV denote the total population of a specific region, the
total population at a given time ¢ can be expressed as:

From Figure 1, it can be classified that the Susceptible (S)
population indicates that the presence of individuals in the hu-
man population who can contract the disease. The Susceptible
population increases due to the population recruitment rate ¢ ,
and the population decreases because of Susceptible individuals
who become infected with COVID-19 through effective contact
with already infected individuals, where f is the infective contact
rate. The population also increases due to individuals who re-
cover after treatment, where o is rate of movement of recovered
sub populations to susceptible sub populations. However, the
number of Susceptible individuals decreases due to natural death
at the rate p and formulated as:

as

dt

The Exposed individuals (E) are carriers of the virus but
cannot infect Susceptible individuals. The population grows due
to new infections from susceptible individuals who contract diar-
rhea through effective contact with people infected with COVID-
19, where 3 represents the effective contact rate. The population
declines due to the natural death rate i and the transition from
the exposed class to the infected class at the rate 6 and formulated:

dE
== = BST - E.
o = BSI—(0+p)

An infected individual (T) is defined as any person who has
the pathogen and exhibits disease symptoms. This population is
supplied by the exposed population, which becomes symptomatic
at an infective rate . However, the infected population is reduced
by the natural death rate 6, disease-induced death rated, and the
treatment rate of infected individuals ~ and formulated :

ar _
dt
The Recovered individuals (R) are those who have recovered

from the disease. Here, immunity is not permanent. The Recov-
ered compartment is influenced by the treatment rate of infected

eN —(BI+n)S+oR.

0F — (v +9)1.
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individuals, denoted by 7. Additionally, the population in this
compartment also experiences a decline due to the natural death
rate i and the o treatment waves and formulated :

dR
==yl - :
g = -tk

The SEIR system dynamic model in Figure 1 can be written
as follows :

B N @remston

dFE

EZBSI_(Q‘FM)E»

I (5)
) I

dR

el :

g = - (@+nR

Where N(t) = S(t) + E(t) + I(¢)

can be simplified by assuming: % =8 ==¢ % = 1 % =,
so eq. (5) can be written:

d

gj = e—(fi+ps+or,

- Bsi— (0 + p)e,

at (6)

A

i vi — (o + p)r.

And the initial conditions or approximation are as follows;
S0(0) = s0; E0(0) = eq; 1o(0) = io; Ro(0) = ro.

Table 1 is a table of parameters, variables, and sources used
in the SEIR model, based on real data for Medan City and refer-
ences to previous articles and assumptions. Real data for Medan
City refers to [26] with details of the total population of Medan
City as of 2021 of 2,460, 858 people. The number of COVID-19
cases was 49,416; the number of recoveries was 48, 436,the num-
ber of deaths due to COVID-19 is 965 people. So it was obtained
that for the suspect subpopulation (s) = 0.9289920, infected
(¢) = 0.0200808, the recovered (r) = 0.0196820.

3. MATHEMATICAL RESULTS
3.1. Reproduction Number Ratio (R)

The Reproduction Number Ratio (Rp) is a number that ex-
presses the average number of infected individuals due to an
infection that will infect other individuals [27]. By construct-
ing the Next Generation Matrix from the infected sub-system

Volume 4 | Issue 2 | December 2023



— Exploring of Homotopy Perturbation Method (HPM) for Solving Spread of COVID-19... 141

Table 1. Definition of Variables and Model Parameters

Variable/Parameter Description Mark Source

s Total Susceptible sub population 0.9289920 [26]

e Total exposed subpopulation size 0.0304790 Asumtion

) Total infected subpopulation 0.0200808 [26]

T Subpopulation Recovered 0.0196820 [26]

e Birth Rate 0.0004600 [26]

B The exposed Rate [0-1] Asumtion

0 The infected rate [0-1] Asumtion

m Natural death rate 0.000460 [26]

é COVID-19 death rate 0.000054 126]

¥ Recover rate 0.086 126]
The rate at which recovered individuals .

o [0-1] Asumtion

move to susceptible

equation, Ry can be obtained. Before calculating (Ry), first de-
termine the disease-free equilibrium point of eq. (2). Assume

ds _ de _ di _ dr _ . ) e
S = 9 = 3 = g = 0, then the disease-free equilibrium

point is obtained:
e—(Bi+u)S+or=0
Bsi—(0+pe=0
fe—(y+6)i=0
Yi— (o4 p)r =0

(7)

The disease-free equilibrium point states the condition that
there are no infected individuals in the population (i = 0). From
the eq. (7) obtained: s = i; e = 0;7 = 0 and » = 0 so that the
disease-free equilibrium point is:

Ey = (s,e,i,r) = (E,OJLO>.
I
Next, to construct the reproduction number ratio (Ry) where :
Ro = p(FV™),
with the Next Geneteration Matrix method from the infected sub-

system equation in eq. (6), namely: % = Bsi — (6 + p)e and
% = fe — (7 + 9)i obtained:

y+5|’
_ 0+ 1 0 0+ pn 0
Ro = p(FV™) = TS »
_0 N+ 6 E+mG+8) | g N+ &

Results obtained:

T = (Bsi,0)and — X = ((0 4 p)e, —0e + (v + 6)i),
0 0 0
F o= Jp= Bl and v =gy 0T ,
0 0 —0 ~y+ 0
_ 0+ p 0
1_ 1
V= e { >

Bel

Bo= TG0

3.2. Application of the Homotopy Perturbation Method to the
Compartmental Disease SEIR Model

The Homotopy Perturbation Method is utilized to find the
approximate solution for eq. (6) employing the homotopy con-
structor equation.

K(v,p) = (1 = p)[L(v) = L(vo)] + p[L(v) + N(v) — f(r)] = 0

| Jambura J. Biomath

The procedure to derive the analytical or approximate solution
of the model begins with the assumption of the Homotopy Per-
turbation Method in eq. (4), relying on this assumption

s(t) = s,+psi+p’sat+---,
e(t) = eot+pert+pleat--, ®)
i(t) = o+ piy+piig+---,
r(t) = rot+pri+pirot-.

Having the initial conditions specified as s;(0) = 0,e1(0) =
0,41(0) = 0,7(0) = 0;V; = 1,2,3,--- then substitution one
by one of eq. (6) to eq. (7), we find:

ds dso ds ) B
(1—]9)(E—E>+p<a—(e+ar)+(ﬁz+ﬂ)s = 0,

de deg de ) B
(1*17)(%*?)+P(E*523+(9+u)6 = 0,

i i di )

(1=p) (G —G) +p( 5 et (r+0i) = 0

dr dro dr ) B
(1_p)(ﬁ_ﬂ)+p<a—7l+(0+u)r = 0.

)
p € [0,1] is a parameter and sg, eg, o, and 7o are the initial ap-
proach values of the system solution. If eq. (8) is subtitled to
eq. (9).

dSo dSl 2 dSQ dSO dSo dsl

(1 p){dt TP PPy T dt]“{dt TPy
d ) . .
+p2§+"'—E—U(T0+p7“1+p27”2+"')+ﬂ(10+pl+p212

+---)(80+p81+p282+~~)+u(80+p81+p282+~~)} =0,

(10)
eq. (10) can be written:

dso d 0 dsi dso . 1
0 = (E—%)p—k g""%—E‘FBSOZO“’HSO_UTO p
ds ds
+ (75 + B(soi1 + s1i0) + ps1 — UT1) p? + (7: + B(soiz2
. . 3 dsa . . .
+s111 + s2%0) + psz — orz |p° + = + B(s0%3 + s1i2 + s2i1
+s3i0) 4+ puss —ors |pt 4+,
dey dea deg deg dey
0 = (1-— deg P Tt aco i
( p)[‘“ﬂgdtﬂo a " dt}er{dterdt
5 dea 5 des 5 3 )
7S PP = Blso +ps1+pPs2 +pss + o) (i

+pi1 + p2is + pdiz + ) + (0 + w)(eo + pe1 + pZea + pies

Volume 4 | Issue 2 | December 2023
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Or:
_ (deo _deo) o (der  deo g 1
0 = (dt dt)p +(dt + ﬁsmo+(9+u)eo)p
(%2 — Blsoin + svio) + 0+ mer ) p2 + (22— (s
7 S0%1 + S110 wei | p 7 S012
d
+s141 + s2i0) + (0 + M)61)p3 + (% — B(soiz + s192 + s2i1
+s310) + (0 + p)es |pt -,
e dh i di] | Tdio | di
0 = a P)[dt TP Tyt dt} p{dt TPy
di di
+p2£+p3§+-~—9 eo+pe1+p262+p363+~--)
+(v + 8) (o + pi1 + pZiz +p313+»-~)]-
Or
di() di() dll di X
0 = (———)»° — 4+ — —be 0)i !
(dt a )P ot ot ()i ) p
dig di3
—= -0 8)iy ) p? — -0
+<dt er+ (v + )21>p +(dt e
. 3 dl4 . 4
+(v+6)iz |p° + E7963+(7+5)13 prA
Or
_ (9ro _dro) o (dri_dro 1
0 = (dt dt>p +(dt = ’yzo-l—(u—i—a)ro)p
dra 2, (s 3
sl 7 +(p+o)ri)p +(dt +(,u+a)r2)p
d
(T (uroyrs ) pt e
dt
The order p' gives the equation:
ds ds
— + =2 — ¢+ Bsgig + pso —org = 0,
dt d dt d
e e .
7; dtO—BSO’Lo-F(@-‘rM)eo = 0,
dil di() .
— +— -0 ] = 0
dt + dt 60+(’7+ )ZO )
dr o (it = 0
dt dt 70 H o = U

with the initial condition s1(0) = 0,e1(0) = 0,¢;(0) = 0 and
T1 (O) = 0.
The order p? gives the equation:

ds
gt2+5(80i1 + s1i0) + sy —ory = 0,
e
ditQ — (Soil =+ 81’@0) —+ (0 —+ /1,)61 = 0,
di
%—961—#(74-52'1 = 0,
Iy i+ (et — 0
dt Y1 HTo)ry = s

)

with the initial condition s3(0) = 0,e2(0) = 0,i2(0) = 0 and
T2 (0) =0.

The order p? gives the equation:

ds
7: + B(soiz2 + s141 + s20p) + psz —ory = 0,
€ . ) .

7; — B(sotz + s191 + s200) + (0 + p)es = 0,
di
Tf —962+(’7+6)i2 = 0,
drs ‘
E*’712+(M+0)7’2 = 0,

| Jambura J. Biomath

with the initial condition s3(0) = 0,e3(0) = 0,i3(0) = 0 and
T3 (0) =0.
The order p* gives the equation:

ds ) . . .
g; + B(soiz + s1ia + s2i1 + s3ig) + puss —ors = 0,
e . . , .
fd; — B(sois + s192 + s2i1 + s3ip) + (0 + p)es = 0,
4
e+ (y+0)is = 0,
dt
d’l“4

I
o

T i+ (u+ o)

with the initial condition s4(0) = 0,e4(0) = 0,44(0) = 0 and
T'4(0) =0.
In the same way, a system of differential equations for the next
order can be obtained. In this section the system is obtained
to order p°, For initial values and parameter values, the val-
ues used refer to Table 1, with s(0) = 0.9289920,¢e(0) =
e(0) = 0.0304790,i(0) = 0.0200808,r(0) = 0.0196820, u =
0.00046,c = 0.00046,5 = 0.000054, 5 = 0,2,0 = 0.02,y =
0.026,0 = 0.1.
To approximate the solution, time will be obtained, so that by
using the initial values and parameter values above, a numerical
scheme will be obtained which is an approximate solution in each
order starting from the following order p — 1,02, p3,---,p? as
follows:

* order p?:

s(t) = 0,9289920 — 0.0000506836538t — 0.001238392250¢2,

e(t) = 0,0304790 — 0.0000506836538t — 0.001238392250¢2,
i(t) = 0,0200808 4 0.0037788374t — 0.0004760264314¢2,
r(t) = 0,0196820 — 0.00000127074t + 0.0001870527436t>.
In the same way it is obtained p3
* order p*:
s(t) = 00,9289920 — 0.0000506836538t — 0.001238392250t>
+0.0001042725438t3 — 0.00001160448639t*,
e(t) = 0,0304790 — 0.003732231486t 4 0.001444535053¢2
—0.0001572704377t3 4 0.00001593551819¢4,
i(t) = 0.0200808 + 0.0037788374t — 0.0004760264314t>
+0.00007570448116t3 — 0.000007037050074t%,
r(t) = 0,0196820 — 0.00000127074t + 0.0001870527436t>
—0.00001573755366t3 + 0.000001875495728t%.
* order p°:

0, 9289920 — 0.0000506836538t — 0.001238392250t2
+0.0001042725438t3 — 0.00001160448639t*
+0.0000007865847958t>,

0,0304790 — 0.003732231486t + 0.001444535053t2
—0.0001572704377t3 + 0.00001593551819¢*
—0.000001137564652t°,

0, 0200808 + 0.0037788374t — 0.0004760264314¢2
+0.00007570448116t3 — 0.000007037050074*
+0.0000005522632554t°,

0,0196820 — 0.00000127074¢ + 0.0001870527436t2
—0.00001573755366t3 + 0.000001875495728t*
—0.0000001395061371t5.
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3.3. Simulation

Below is a simulation using the HPM up to order 5, the
simulation results are in the form of graphs compared with the
Runge Kutta 4th order (RK 4th). The variables and parameters
used are in accordance with the real data for the city of Medan
which is displayed in Table 1. From the calculations, the value
Ry = 4.61 or Ry > 1, the value indicates that COVID-19 in the
city of Medan is still endemic or not yet extinct, there is still a pos-
sibility that it will spread again. The following simulation takes
the value ¢ = 0.1, the following is a graphic image of the results
of numerical simulations using the HPM and RK 4 approaches for
Ry > 1.

Figure 2.
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Figure 3. The Exposed of COVID-19 Spread

The plot in Figure 2 is a plot of the susceptible subpopula-
tion (s), which is plotted using RK 4th and the HPM approxima-
tion solution. The result is that the population decreases as the
Susceptable subpopulation moves to the Exposed subpopulation.
The figure shows that the HPM method has a longer time to reach
stability than using the RK 4th method. For the HPM method, the
stability for the Susceptable subpopulation is at a point ¢ > 40
.While for the RK 4th stability point at ¢ > 20. In Figure 3 is a plot
of the Exposed subpopulation (e), the results obtained are that
the subpopulation an increase from and decreases as it moves
to the subpopulation infected and stable values towards zero,
the behavior of the HPM and RK 4th method solutions is almost
the same, the difference is that the HPM method has a longer
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Figure 4. The Infection of COVID-19 Spread
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Figure 5. The Recovered of COVID-19 Spread

time to reach stability compared to the RK 4th method. In Fig-
ure 4 is a plot of the infected subpopulation (i), in the dynamics
of the spread of disease the infected subpopulation is of concern
specifically, because in the infected subpopulation, each infected
individual can infect other healthy individuals. The simulations
using the HPM and RK 4th methods show that the largest num-
ber of infected cases is at 10 < ¢ < 15, the number of subpop-
ulations infected with HPM is less than with the RK 4th method
and the spread of COVID-19 in Medan City takes longer to reach
stability and It also takes a longer time for the disease to disap-
pear or be destroyed. The time required for the HPM method
until COVID-19 is destroyed is ¢ > 60 while the RK 4th method is
t > 40. In Figure 5, the dynamics of the recovered subpopulation
can be seen that HPM can approach the solution from the RK 4th
method, the recovery pattern in the HPM method is almost the
same as the recovery pattern in the RK 4 method. And the time
needed to reach stability is also almost the same.

From the simulation obtained, it can be obtained that Ho-
motopy Pertubation Method (HPM) can be used to solve systems
of nonlinear differential equations. This can be seen from the
simulation where the HPM results graph is close to the numerical
simulation using RK 4th. Furthermore, in the simulation above it
can also be seen that the higher the order used, the better the
results obtained. As in the simulation where the 5th order is very
close to the numerical solution. Apart from that, it was also found
that the higher the time, the higher order HPM approximation is
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required.

Following shown is a simulation of the effect of moving the
recovered subpopulation to the susceptible subpopulation on the
dynamics of the spread of COVID-19 in Medan City with parame-
ter variations o = 0,0.01,0.1 dan 0.5

Susceptable Population
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Figure 6. The Susceptibility of COVID-19 Spread with varia-
tion sigma
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Figure 7. The Exposed of COVID-19 Spread with variation
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Figure 8. The Infected of COVID-19 Spread with variation
sigma

The plot in Figure 6 is a susceptable subpopulation plot
with sigma variations. The results show that the displacement
rate value sigma (o) = 0, the subpopulation decreases and is
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Figure 9. The Recovered of COVID-19 Spread with variation
sigma

constant towards zero. For the ¢ = 0.01, the subpopulation is
susceptible to decline, the value is above zero, which is greater
than ¢ = 0. And the greater the sigma value, there is a ten-
dency for the susceptible subpopulation to decrease further away
from the zero value. The plot in Figure 6 is a plot of the exposed
subpopulation. The simulation results show that there is an influ-
ence on the rate of movement of the recovered subpopulation on
the exposed subpopulation. The graph in Figure 7 shows that the
rate of movement of the exposed subpopulation initially shows
anincrease and finally decreases and stabilizes towards zero. Fur-
thermore, if the displacement rate is increased, the dynamics of
the exposed subpopulation after the increase decreases until the
constant value moves away from zero. A larger value causes a
smaller decrease in the exposed subpopulation. The plot in Fig-
ure & is a plot of the infected subpopulation, the results show an
increase in the rate of movement of the recovered subpopulation
to the susceptible subpopulation resulting in an increase in the
infected subpopulation. The greater the value, the greater the
increase in the infected subpopulation. The plot in Figure 9 is a
recovered subpopulation plot, the results show that the greater
the rate of movement of recovered subpopulations to susceptible
subpopulations, the smaller the number of recovered subpopu-
lations, this is the opposite of other subpopulations. It can be
concluded that the rate of movement of the recovered subpopu-
lation to the suspect subpopulation has a negative effect on the
spread of COVID-19 in Medan City. The greater the number of
movements, the higher the rate of spread of COVID-19 in Medan
City. To reduce the rate of spread of COVID-19, the authorities
need to anticipate the movement of recovered subpopulations to
susceptible subpopulations.

4. Conclusion

The results of research using real data for the city of Medan
in 2021 obtained valuesRy = 4.61 or Ry > 1 or indicates that
COVID-19 in the city of Medan is still endemic or not yet extinct.
The constructed mathematical model is analyzed and simulated
using Homotopy Pertubation Method (HPM) results are compared
with Runge Kutta RK 4th order (RK 4th). From the simulation it
can be obtained that the Homotopy Pertubation Method (HPM)
can be used to solve systems of nonlinear differential equations.
This can be seen from the simulation where the HPM results
graph is close to the numerical simulation using RK 4th. The re-
search results also show that there is a negative influence of the
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movement of recovered subpopulations to susceptible subpop-
ulations on the dynamics of the spread of COVID-19. The simu-
lation results show that the greater the number of movements,
the higher the spread of COVID-19 in Medan City. To reduce the
rate of spread of COVID-19, the authorities need to anticipate the
movement of recovered subpopulations to susceptible subpopu-
lations.
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