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Abstract: This study presents a mathematical model of non-integer order through the fractal fractional
Caputo operator to determine the development of Ebola virus infections. To construct the model
and conduct analysis, all Ebola virus cases are taken as incidence data. A symmetric approach is
utilized for qualitative and quantitative analysis of the fractional order model. Additionally, stability
is evaluated, along with the local and global effects of the virus that causes Ebola. Using the fractional
order model of Ebola virus infections, the existence and uniqueness of solutions, as well the posedness
and biological viability and disease free equilibrium points are confirmed. Many applications of
fractional operators in modern mathematics exist, including the intricate and important study of
symmetrical systems. Symmetry analysis is a powerful tool that enables the creation of numerical
solutions for a given fractional differential equation very methodically. For this, we compare the
results with the Caputo derivative operator to understand the dynamic behavior of the disease. The
simulation demonstrates how all classes have convergent characteristics and maintain their places
over time, reflecting the true behavior of Ebola virus infection. Power law kernel with the two
step polynomial Newton method were used. This model seems to be quite strong and capable of
reproducing the issue’s anticipated theoretical conditions.

Keywords: Ebola model; Caputo fractional operator; well posedness; positivity; uniqueness; stability;
simulation

1. Introduction

The deadly EVD (Ebola virus disease), which was initially identified in Africa, is a
condition that only sometimes breaks out. EVD affects both nonhuman primates and people
(such as monkeys, gorillas and chimpanzees). The initial discovery of the Ebola virus was
in 1976 in the Democratic Republic of the Congo, close to the Ebola River. Since then, the
virus has occasionally been responsible for epidemics in various African nations [1,2]. The
precise origin of the Ebola virus is unknown to scientists. A straightforward mathematical
model depicting the 2014 Ebola outbreak in Liberia was investigated by Rachah et al. [3].
The mathematical model was subsequently validated using computer simulations and
historical data from the WHO. They also created a brand new mathematical model that
takes immunisation of people into account. By comparing the classical and fractional SEIR
epidemic Ebola virus models with real data from reports released by the World Health
Organization from 27 March 2014, Area et al. [4] carried out a comparative analysis. A
comparison of two mathematical models used to describe the continuous transmission
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of the Ebola virus in West Africa was conducted by Rachah and Torres [5]. They used
two models to determine the best Ebola control and looked at numerical simulations to
better predict how the virus will spread and how to manage it. They specifically looked at
instances in which the two models yielded comparable outcomes.

The monograph on which A.A. Kilbas worked presents the most recent and up-to-date
study on fractional and fractional integro-differential equations, employing a wide range
of potentially useful fractional calculus operators. The calculus of integrals and deriva-
tives of any arbitrary real or complex order was addressed by fractional calculus and its
applications and the work was continued by Zhang [6]. In many fields of science and
engineering where nonlocality plays an important role in fractional calculus, numerous
models still need to be suggested, investigated and put into practice. There are still a lot of
non-local phenomena that have not been explored and are only waiting to be discovered,
despite the fact that many amazing findings have already been documented by researchers
in significant monographs and review papers [7]. While Ali Akgul worked on Atangana
Baleanu developed a derivative with fractional order to locate the crucial questions. The
Atangana—Baleanu problem’s fractional derivative, as well as a new approach for research-
ing fractional differential equations, are covered in [8]. The main goal of Akgul’s research
is to solve linear and nonlinear fractional differential equations using the Mittag—Leffler
kernel. A precise numerical strategy was created to address this problem. The theoretical
conclusions were supported by two experiments [9]. Ford et al. [10] saught to understand
the derivatives in the Caputo sense. Before examining how the solutions connect to the
existing information, the existence and uniqueness of the solutions were first explored
analytically. Baleanu et al. [11] adapted and tweaked the method to solve a large class of
partial differential equations of fractional order. We demonstrated the approach’s value by
applying it to solve a model fractional problem.

According to the report in 1976, the region of Africa had a wide spread of virus
name as Ebola. The Ebola virus starts from a rural area of West Africa areas and spread
over the urban area within a week, also within a month it becomes a global epidemic.
Baleanu et al. [12] proposed a novel fractional derivative with a non-local and non-singular
kernel. We spoke about some of the positive traits of the new derivative and applied it to
solve the fractional heat transfer model. Atangana and Goufo [13] originally utilized the
Ebola virus model with the classical derivative and then modified it with the beta derivative
to create a generalised version. They thoroughly investigated the endemic equilibrium
locations using the Jacobian approach to determine the corresponding Eigenvalues. As a
consequence, they created the model by iteratively numerically addressing the problem.
These answers were discovered in terms of beta and time. Using the Atangana—Baleanu
fractional derivative and integral operator, Koca [14] assessed the existence and uniqueness
of the solutions for the Ebola disease transmission model. Latha et al. in [15] proposed
a fractional-order Ebola virus epidemic model with heterogeneous complex networks
with a delayed immune response. The term “time delay” is used to describe cytotoxic T
lymphocytes (CTLs). Several requirements for the model’s stability are given based on the
fractional Laplace transform. Singh [16,17] undertook some studies on certain numerical
solutions for mathematical models. Dokuyucu et al. [18] studied the modelling of cancer
therapy using the Caputo—Fabrizio fractional derivative operator in their article. They
looked into whether an answer existed. They also explored the solution’s uniqueness
and determined the circumstances in which the model offers a unique answer based on
research by Hasan et al. [19] a number of fractional parameters were also used to analyse
the deterministic mathematical model of the Omicron effect. The Ebola virus is a highly
infectious illness that, according to Farman et al. [20], has the capacity to infect the whole
population, depending on the dynamics of the community and the individuals. Due to a
description of the recollection and hereditary properties in [21-23], ordinary integer order
can hinder understanding of the explanation of real-world situations, but fractional order,
which requires including and transecting differentiation with the use of fractional calculus,
can also help in the modelling of genuine occurrences.
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The remaining portions of this research document are as follows: A thorough intro-
duction to the proposed model is provided in Section 1, along with descriptions of some
other important discoveries from the other work. Several basic fractional order derivatives
contained in Section 2 are useful in resolving the epidemiological model. An extended
version of the model and an evaluation of the preliminary model description may be found
in Section 3, along with the proposed model’s study of well-posedness. In Section 4, a
qualitative analysis of the the suggested model is given, along with the study of disease-free
equilibrium, positivity of the proposed model with nonlocal operators, invariant region,
existence, and uniqueness is discussed. In Section 5, an analysis of stability of the proposed
scheme, such as stability of UH (Ulam-Hyres) is given. The numerical simulations and a
discussion is given in Section 7. In Section 8, the conclusion is presented.

2. Fundamental Fractional Operator Concepts

In [24], we found a number of significant and practical nonlinear dynamics and
modern calculus results.

Definition 1. If {(t) is continuous, it is continuous and differentiable in the interval |a, b[, then
its fractal fractional derivative of order v € (0,1) with a Caputo-type kernel is provided by

v 1 ! ¢
C]D)tll}(t) = T(Z—0) /0 (t lpp)(fzg-s-l do, @

where § = [v] +1, { < v+ 1and [v] represent the integer parts of v.

Definition 2. The fractal fractional integral of order v € (0, 1) with a Caputo-type kernel is given by

1t
LY = w7 ) (- 0)* e @
if the interval |a, b| is continuous for P (t).

Definition 3. Let ¢* be the equilibrium point in the Caputo fractional dynamical system if the
interval |a, b[ is continuous for (t)

“Dry(t) = f(1,9(1)), ve(01), ®)
if f(t,¢*(t)) = 0.

3. Fractional-Order Model of Ebola with Treatment

We offer a deterministic model to better comprehend the dynamics of Ebola virus
transmission. The causes and recurrence of epidemics are being investigated through
simulations by researchers. Let us look at some of the key aspects of the compartmental
mathematical epidemic model that Rama et al. [25] devised to explain viral transmission.

The epidemic Ebola virus treatment model is described by a set of nonlinear ordinary
differential equations as follows

GDg}t,vzs(t) =A— (Bl +ByH+BpD)S — (T+u)S,
Doy E(t) = S(Bil + puH + ppD) — (4 + T+ 6)E,
CDULUzI(t) = 0E — ( + )I
0,t H Y,
GDULUz (4)
201 H((t)) =9l — ((y + A)+ «)H,
Doy R(t) = aH — (p + T)R,
Dy D(t) = AH — 6D.

where the initial conditions are
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5(0)=5">0,H(0)=H°>0,E(0) =E® >0,1(0) = I° > 0,R(0) = R® > 0,D(0) = D° > 0. (5)

3.1. Model Description

The population is divided into four divisions according to our mathematical model,
which is displayed in Table 1.

Table 1. The classes of the proposed model are described.

S(t) Group of vulnerable individuals
E(t) Group of infected people
I(t) Group of contagion carriers
H(t) Class of hospitalized people
D(t) Class of dead people

R(t) Class of recovered people

3.2. Model Assumptions
The following assumptions were made in the model

1.  People who have not been exposed to the illness pathogen are placed in the susceptible
class S(t).

2. Those that reside in this class I(t) have the disease pathogen but do not exhibit overt
clinical symptoms. They are not yet able to spread infection. This is the incubation
phase. People then proceed to the infectious class at the conclusion of this phase.

3. People begin exhibiting clinical symptoms and potentially spread an infection to oth-
ers E(f). Authorities place infectious patients under sanitary care after the infectious
period, which is the average amount of time a person spends in this class and then
classify them as hospitalized.

4. Although they are receiving treatment, the individuals in this class H(t) are still
contagious. After the hospital stay, patients have two options: heal (and move into
the recovered class) or pass away (dead class). We specifically state that there are no
hospitalized patients who are no longer able to spread disease in class H. They are
classified as described below as “recovered”.

5. People who have died from the disease but have not yet been buried D(t) are still
contagious to others through touch. The body is interred after a predetermined
amount of time.

6.  This class R(f) consists of survivors of the virus. In this class, people are naturally
immune to the disease-causing agent and stop being contagious.

The full list of parameters for the proposed model is presented in Table 2.

Table 2. The suggested model parameters.

A Rate of recruitment of individuals in state S

u The death rate

BI The effective contact rates for diseases among those in compartment [
By People in class H’s rates of effective disease contact
Bp The effective contact rates for diseases among those in compartment D
6 Rate of change from compartment E to |

0% Rate of change from compartment E to compartment [
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Table 2. Cont.

A The result of the sickness mortality rate multiplied by the compartment H to compartment D transition rate

« The percentage of illnesses that survive multiplied by the transition rate from condition H to compartment R

The percentage of Ebola victims buried

T The daily percentage of persons departing the nation in states S, E, and R

Thus, the total population is established by
N(t) = S(t) + H(t) + E(t) + I(t) + R(t) + D(¢). (6)

4. Well Posedness of the Model

The time period and region where the roots to our proposed system makes cultural
sense are examined in this section. We have already proven that all solutions and suggested
parameters are positive for all t. We know that for everyone, t > 0.

Dy} ?N(t) = —pN(t) + A. )
We desire the function N(t) to be an increasing function, *Dg};”2N(t) > 0

“Dgy?N(t) > N(t) < /; 8)

The level of threshold population is how the literature describes the aforementioned
disparity. This leads us to the conclusion that the recognised set of solutions for the
suggested model should be restricted to

Y:{(S,E,I,H,R,D)eRi:S+E+H+I—|—R+D:N</;}. )

The ~+ve cone of RS, in this instance also contains its faces in the smaller faces. In the
interest of reality, we rule out the possibility that the host population ultimately reaches its
carrying capacity if “Dp}"2N(t) > 0.

5. Qualitative Analysis of the Proposed Model

To learn more about the characteristics of the Ebola virus and to comprehend the
variables that affect how the virus spreads.

5.1. Equilibrium Point of the Model

Setting the left hand side of system (4), we obtain an equilibrium point that is
P* = {S*, E*, I*, H*,R*, D*}, where

S* = (10)

[1] ‘ @
N =

&1 =0 (anfy + a0 + ayp + ayT + ap® + apt + SyA + Syp + oA + o + yAu
+ VAT + Y+ yut + A+ Aut + i+ y2T>.

Hy = 5(0&9,31 +YABp + ¥9Bu + ABB + }19,31).

E* = (11)

g ‘ [x1
w
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Bz =AadB] + ASYABD + Adv0By + ASABB] + AdubB; — adyub — adyto — adu’o
— aduTh — wyp?0 — 2ayuth — ay >0 — apl — 2au>Th — auT0 — SyAud
— 0YATO — Sy U0 — Syutl — SAU0 — SAUTO — 61>0 — Su>Th — YAU>0
— 29AuTO — YATH0 — YuP0 — 291270 — yut?0 — AP0 — 2Au% 10 — Aut?0 — 1t
— 213760 — u?7%6.

Hy =0 (0(59ﬁ1 +aubpy +atfBy + oyABp + 6v0BH + 0AOB + 6ubBr + YAuBp

+YATBD + YHOBH + YTOBH + A0y + ATOBI + H20B1 + pTOB ).

I = (12)

[1] ‘ [x1
o

Es =Aad0B] + ASYABD + AdvOBy + ASABB] + ASubB; — adyub — adyto — adu’d
— aduTh — wyu? — 2ayuth — ay 20 — apl — 2au>Th — auT0 — SyAub
— SYATO — 5yu20 — Syuth — SAU0 — SAUTO — 61°0 — Su>TH — YAu?0
— 29AUTO — YAT0 — Y30 — 29170 — YuT*0 — A0 — 244370 — Aut?0 — 1t
— 24370 — p2726.

B¢ =a0v0B1 + adubBy + ayudpBr + ayt0B; + ap®0Br + autdBy + 6v*ABp + 670y
+ 3YAUBD + SYAOB; + Oy BB + SyubBy + OAUOB; + Su*0B1 + V2 AuBp + 1*AThp
+ Y ubB + 12 10B1 + YA Bp + YAUTBD + YAUOBL + YATOBT + Yu*0B; + Yu*0BH
+ YuTOB1 + YUTOBH + ApP0Pr + ApTOB; + 10p; + p>Topy.

H* = (13)

11 ‘ [1]
CNIN]

Sy =7 (Aaé@ﬁl + ASYABD + A6v0By + ASAOB] + AdubB; — adyud — adytd — ady®o
— aduTh — wyp?0 — 2ayuth — ay >0 — ap®l — 2au>7TO — auT*0 — SYAud — SYATH
— 8yp?0 — Syuth — SAU?O — SAUTO — 6130 — 6p*TO — YAUPO — 29 AuTH — YAT?0
— U3 — 29210 — yut20 — AP0 — 2Ap% 10 — At — pto — 2370 — y2T29).

Eg =a2070B; + a?oubpBr + a>yubpr + a>yt0B; + a’u?0B; + a’utép; + ady*Ap
+ ady*0By + adyAuBp + 206 vABB1 + 208y ubB1 + adyubB + 20\ 6B,
+206p%0B1 + ay* AuPp + ay*AtBp + ey’ ubBu + ay* 0By + ayAupp
+ ayAUTBD + 20y AUOBy + 20y ATOBT + 20y 0B + ayp?0By + 20y utop;
+ ayuTOBy + 20Au*0B + 20AuTOBr + 204°0B1 + 204> TP + 67 A*Bp
+ 67 AuBD + 07 AOBH + 6 40P + SYA uPr + 6YAP0B1 + SyAWBp
+ 209A U8B + SYAUOBH + Sy ur0Br + Sy 0Py + AP ubB; + 20\ %08
+ 0u30B1 + Y2 A*uBp + Y A2TBp + VAU Bp + YPAUTBD + Y Au0BH + Y AT0BH
+ 7V H0BH + v uT0BH + YA BD + YA T + YAZ 6B + YAPTOB + YAK B
+ YAPPTBD + 27AN*OB1 + YAWPOBH + 2YAWTOB + YAUTOBH + Y0P + 110w
+ U2 T0B 4 Y2 TOBy + A2pP0B; + A utoB; + 2Au30B; + 2Au*T0B; + u0Br + 1B

[1]

9

R* =
10

(14)

[1]
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-
=9

—
(=)

-
H

=12 =

=y (Aoc(SG,BI + ASYABD + A6vOBy + ASAOB] + AdubB; — adyud — adytd — ady®o
— aduTh — ey — 2ayuth — ayt?0 — ap®0 — 20p>7T0 — auT0 — SYAUO — SYATO
— Oyp*0 — Syuth — SAU?O — SAUTO — o0 — 5P 1O — YAUPO — 29 AuTH — YAT?0
— U3 — 291210 — yuT?0 — A0 — 2A43T0 — Apt?0 — e — 21376 — y2r29).

Ero = (a2670B1 + a25p0B; + 2y u0B1 + a2y OB + oP20B; + a2uTOBs + €67*ABp

+ ady?0By + adyAuPp + 208y A0B + 206 ubBr + adyubPBy + 205Aubp;

+ 2a0u20B1 + ay*AuBp + ay*AtBp + ay?ubBy + ay 0By + ayAu?Bp + ayAuthp
+ 20y AUOB; + 20y ATOBT + 20y 081 + ay 0B + 20y utOBy + ayutoBH

+ 20Au0B] 4 20AuTOB; + 20u>0B1 + 2ap* 0B + 6v*A*Bp + 07 AuBp + 69y A0By
+ 67* 40P + SYN UBD + SYA?0B1 + SyAp*Br + 267AUOB + SYAUOBH + SYp*0B)

+ 8 P0Pr + SA BBy + 2617081 + 5101 + VA uPp + A2 TPp + AN Bp

+ VAT + VAU + VAT + Y uP0Br + Y utpn + YA U Bp + YA uThD
+ A2 BB + YAPTOB + VAU BD + YA TBD + 2YAUPOBr + VAU 6B + 27ApTOp
+ YAuTOBH + Y2081 + Yul0By + Y TOB; + Yt TOBy + A*uP0Br + APutop;
+2A130B1 + 2Ap2T0B; + 1i0B; + pﬁreﬁ]) (h+1).

[1]

1 (15)
1

11 =7 (Arx&()ﬁI + ASYABp + ASyOBH + ASAOB + AdubBr — adyud — xdyto

D* =

[1]

N

— w0p0 — adpuTh — ayu0 — 2ayutd — a0 — ap’0 — 2au>T0 — apto

— OYAO — SYATO — Sy %0 — Syt — SAU?0 — SAuTO — 5130 — Su>TO — YAu?0
— 29AUTO — YAT0 — B0 — 29170 — YuT?0 — A0 — 2A %10 — Aut?0

— 10 — 24370 — y2T29>/\.

(4267081 + 26u0B1 + P ypu6P; + a2y T0B; +a2)20B; + a2 uTOB; + 107’ APp

+ ady*0By + adyAuBp + 2086yAOBr + 208y 0B + adyudB + 205Au0p;
+2a0u*0B1 + ay’*AuBp + ay*ATBp + ay?ubBy + ay* 0By + ayAuBp + ayAuthp
+ 20y A OB + 20y ATOB; + 2ay 0B + ay 0B + 20y utOPy + ayutBy + 20Au*0p;
+ 2aAuTOB; + 2apP0B1 + 2ap*TOB; + 69 A B + SV AuBp + 3y APy + 0y’ ubBp

+ 0YA uBp + 6YA20B; + SYMPBD + 209A6B1 + SYApOPH + 6yuP0B; + dvu*0BH
+ OA2 0B + 26A 12081 + SuP0B1 + ¥ A*uBp + Y2A*TBp + Y AuBp + YPAuTBD

+ P AUOBH + Y ATOBH + VU 0BH + v ut0Br + YA WP Bp + YA TP + YA 6P
+ AP TOB1 + VAR BD + YA TBD + 20AUP0B1 + YAUPOBr + 2YANTOB + YAUTOBH
+ U081 + Yp20By + Y TOB + YU TOBy + A2p20B; + APuthp; + 2A 308

+ 2Ap2TOB; + utB; + y37651)9.
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5.2. Positivity of Proposed Model with Nonlocal Operator

We demonstrate the positivity of the solutions for a fractional calculus model with
nonlocal operators in this subsection. If all of the initial criteria are met for nonlocal
operators, then all solutions are positive.

Theorem 1. Consider
Y= {(S, E,I,H,R,D) € Rﬁr :5(0) > 0,R(0) > 0,E(0) > 0,H(0) >0,1(0) >0,D(0) > O}, (16)
therefore, the remedies for
{S(8), E(t), H(t), I(t), R(¢), D(t)}, (17)
of Equation (4) are positive Vt > Q.

Proof. Let us begin by solving the system’s first Equation (4)

as(t
% =A—(Bil+puH+ppD)S = S(u+1), (18)
as(r) _
We now analyse a possible solution to
as(t

Using the integrating factor approach, we arrive at

0 P T

u+T
in the initial circumstance
5(0) = Sy,
then A
c=S5p— ,
u+T
SO

S(t) = So — —(Ht > 19
0=+ (50— 55 )e 9

Consider the system’s second equation now (4).

% = S(BiI+ BuH + PpD) — (4 + 5+ 1)E, (20)
% > —(p+T+I)E.

Integration yields
E(t) > Ege~ 7+t > 0, (21)

Now consider the third equation of the system (4)
I(t
M 5p— (uryt, (22)

% > —(u+1)L
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Integration yields
I(t) > Ipe~ 41t > 0, (23)

Now think about the system’s fourth Equation (4).

H(t
%z’yl—(}l#—)\-ﬁ-zx)H, (24)
H(t
# > —(p+A+a)H.
t
Integration yields
H(t) > Hpe™ (#FA+0! > 0, (25)

Now think about the system’s fifth Equation (4).

R _oi—R(r+p), (26)
dt
R(t)
N s
2 R(T+p).
Integration yields
R(t) > Roe 7t >0, 27)

Now consider the final equation of the system (4)

D(t) _
—~ =AH-0D, (28)
D(t)
—2 > _6D.
a2 0D
Integration yields
D(t) > Doe % > 0. (29)

O

5.3. Invariant Region

The feasible zone contains solutions to the system Equation (4).

Y :{(S,E,I,H,R,D) € RS : S(0) > 0,R(0) > 0,E(0) > 0,H(0) > 0,1(0) > 0,D(0) >0,
A (30)
S+E+I+H+R+D=N< ?}.

The model can be demonstrated to be positively invariant and globally attractive in
RY with regard to the system of ordinary differential equations representing our model,
and it also makes biological sense.

We have the reproductive number Rg data from [25].

Ry = mean,c (o1, Ro(t) and CRo(j) = mean;co 1, Ro(j, 1) (31)
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5.4. Existence and Uniqueness

This section looks at the set of equations that allows fractional calculus to still exist as
well as its originality. To do this, it is essential to demonstrate the following theorem.

EDYS(t) = ©4(t, W),
CDYE(t) = @(t, W),
DyI(t) = @3(t, W), 32
CDVH(t) = O4(t, W),
CDYR(t) = Os(t, W),
CDYD(t) = Og(t, W).
where W =S,E,I,H,R,D.
O1(t, W) = =S(B1I+BuH+ BpD) + A —S(u+1),
O, (t, W) = S(BI +BpD + ByH) —E(p+17+9),
O3(t, W) = 0E — (n+ 7)1, (33)
Ou(t, W) = Iy — H( + A +a),
Os(t, W) =aH —R(p+ 1),
O¢(t, W) = AH — 6D.
Now the equation becomes
)] —
{20 ey

only if

@(t) = (So, Eo, I, Ho, R, Do), (35)

@(t) = (W)T,
{ k(t,@(t)) = (©;(t, W)T,i=1,2,3,--- ,6.

where (+)T is the transpositional surgery.
@(t) = @y + xp +x(t,@(t)),

@(t) = @ + F(lw /(t — 1) (7, @(7))dr.

Let B = C([0, b]; R) be a Banach space (BS) for all the continuous functions from R[0, b]
and the norm ||@|| = sup; € J|@(t)].

Theorem 2. Let mappings of the bounded subset of JxR® and the function x € C[],R]) be a
compact subset of R. Additionally, a constant ¢x > 0 exists where

Aq |x(t, @1 () —x(t,@2())] < &x|@1(t) — @2(t)|, forall t € ] and for all @1,@, € C([x,R]),
which has a unique solution whenever o¢, < 1.
b

T T+

Proof. Consider that S : F — F is defined by

@(t) = wo + 1"(111) /(—T + ) (1, @(1))dT, (36)

@) <ol + g5 [ (=740 I(r @(x))dl,

< |@o| + 1"(11;) /(—T+ B x(t,@(1)) — x(7,0)| + xdr,
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(@JH—K ) v—
ﬁ/(—f—l—f) lar,

(cK” + Kl) v
)

< |@o + o (gen + Kyp),
<mn.

< |@o +

We justify the results for @q, @, € E

(@(6) = @2()| < g7 [ (=740 It @) ~xlb@a()ldr, (D)

< s [Tt e (1) — @x(0)lir,

I'(v)
< ox|@1(t)) — @2(t)|,
< r(lv) [+ x(m () - x(r. @ ()i,
< [t=0 o) —@a(x)lr
< ox|@1(t) — @2 (t)].
This justifies that
[(@1) — (@2)] < 0Gx|@1(t) — @a2(H)]-
Similarly,
|(E@1) — (E@2)| < 0¢x|@1(t) — @a(t)],
|(Io1) — (I2)| < 0|1 (t) — @2(t)],
|(He1) — (Hoa)| < 0G| (t) — @a(t)],
[(R@1) — (R@z)| < 0Gx|@q(t) — @a(t)],
|(D@1) — (D@z)| < o¢x|@1(t) — @2(t)]-

The answer is hence unique as a result of the Banach contraction. [

Lemma 1. Let B be a closed, bounded, convex subset of a Banach space, and let M # ¢ be its
element. Let ()1 and Q)p be the two operators that respect the stated relation.

1. w1+ M@y € M, provided that @1, @, € M.
2. () is continuous and compact.
3. () is the mapping contraction.

Then, c € M is equal to c = Q¢ + Oyc.

Theorem 3. Surmising x : x * R> — R is continuous and holds for the circumstance (2). Further-
more, let

Ay |(t,@)| < ¢(t)Vt,@ € J*Rand ¢ € C([0,b],RS.).

When this occurs, the equation system (4) has at least one solution.
Skll@1(to) — @2 (to)[| < 1.

Proof. Setting supej|¢(t)| = ||¢|| and 17 > ||@ol| + ol|¢]]-
We believe
Gy =weB: ||| <.



Symmetry 2023, 15, 665 12 of 29

Assume the (Q1, ();) operators on Gy are expressed as

(01@)(F) = / (=7 + D x(7,0(1))dT, e

1
I'(¢)
Qlw(t) = (D(f()), te]

Now, every @1, @, € G,7 gives

[01@1(8) + 0aa(0)] € o] + 55 [ = @)l 69
< llwoll + 14l
<1 < foo. (39)

Therefore, it may be justified that () is compact if ()1 is not uniformly confined by
0101 + M@, € Gy. This demonstrates that there is at least one solution via the Arzela—
Ascoli principle.

(©@1(0) ~ Oaa()] = 5] T2 =77 = (1= 1) (o), (e

b [F =) (o],

[2(t2 )P+ (8 — t‘f)] 0, b — t. (40)
0

Theorem 4. Depending on the initial circumstances, the suggested epidemic Ebola virus model (4)
solution is distinct and constrained in RS,.

Proof. We control it by

E]I))z)},lt'lizs(f)|S:0 =A>0,

DY E(t) g0 = S(B1] + BrH + Bp) >0,

Doy 21(t)|1=0 = 6E >0, )
Doy 2 H(t) =0 = 71 > 0,

DL R(H) |g—o = aH > 0,

Doy D(t)|p—o =AH >0

According to Equation (5), the solution cannot escape the hyper-plane if {S(0); R(0); E(0);
1(0); H(0); D(0)} € RY.. A vector field pointing towards R exists in each hyper-plane around
the non-negative orthant, indicating that the domain is positively invariant. [

6. Analysis of the Proposed Model’s Stability

To acquire insights into the dynamical properties of the proposed model system (4),
a qualitative analysis is conducted. This analysis helps to increase understanding of how
control measures affect the dynamics of the Ebola virus transmission. The Ebola virus
model’s stability features are first investigated.
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Theorem 5. Let there be a self map on B and a Banach space, respectively. The inequality that
follows therefore applies to all instances of B:

1Gx = Gyl < Cllx = G™[| +cllx -y, (42)
with ¢ € [0,1),C > 0. If we suppose that G* is picard G* stable.

Proof. We assume G* is picard G* stable. Consider the equations connected with the
proposed model (4):

Spr1=S"(t)+ L1 FUE{A — Su(Biln + BrrHy + BoDu) — (4 +7T)Su}|,

Enp1=E"(t)+ L7 E%ﬁ{sn(ﬂlln + BuHn + PpDy) — (n+ 7+ 0)En}|,
sy = I"(t) + £71 “—UE{(SEn —(u+ 7)1,1}},

(43)
i = H'()) + L7V e L0710 — (0 + A+ @) Ha} |,
Rn+1 = R”(t) + ,C_l RLU‘C{“Hn — ("l/l + T)Rn}:|,
Dy1 = D" (t) + L' [ L L{AH, — eDn}]
O
Theorem 6. A self map is U. The definition is
U[Sn] = Spy1 = S"(t) + L7 1U£{A = Su(Biln + PuHp + BpDn) — (4 + T)Sn}|,
U[En] = Epy1 = E"(t) + L7 E%E{Sn(ﬁlfn + BuHn + BpDn) — (4 + T+ 6)En}|,
U[In] =1 = In(t) + L1 {}*UAC{(SEn - (]/l + ’)’)In}}' (44)
U[H,) = Hy1 = H'(6) + £ [ L{vI — (1 + A+ 0 Hu}],
U[Ry] = Rys1 = R*(8) + L7 | L{aHy — (4 + )R, } ],
U[Dy] = Dy i1 = D) + £ [Divc{AHn - eDn}]
Where U is only stable in the space of L' (a, b).
{1 +k1Bih1(v) + kaPrha(v) + ki Prihs(v) + kaPrha(v)
+k1Bphs(v) + Kefphe(v) + (1 + T)h7(v)} <1,
{1 + k1Brhg(v) + kaBrho(v) + k1Brhio(v) + kaBrhir (v)
.- +ki1pphi2(v) + kapphiz(v) + (p+ 7+ 5)’114(0)} <1 @)
{1 +6his(v) + (p + 7)h16(0)} <1
{1 + ’)’h17(U) + (]1 + A+ Oé)hlg(v)} <1,
{1 +ahg(v)+ (p+7 hzo(v)} <1
{1 + Al (v) + Ol (v )} <1
Proof. Given that U is a fixed point, one achieves (m,n) € (N x N) for each
U[Su] = U[Sm] = Sysa1(t) = Su(t) + L7 [Slﬁ{/\ = Su(Biln + PruHp + ppDn) — (4 + T)Sn}}
! (46)

— S(t) — L7 [Slvﬁ{z\ —~ Su(Bilm + BrHm + BpDu) — (11 + T)Sm}],



Symmetry 2023, 15, 665 14 of 29

U[Eq] — U[En] = Epyq(t) = En(t) + £} [Elvﬁ{sn(ﬁﬂn + ByHu + BpDyn) — (u+ 1+ (S)En}}

) (47)
UlL] = Ull] = Ly (£) = Ln(t) + £ [Il,/:{(SEn —(u+ 7)1,1}}
’ (48)
— Ln(t) — £71 Hﬁ{(saﬁ —(u+ ’y)lm}],
Ul = Ultto] = Hysa(t) = Hu(t) + £ | 7 L0000 = (ot A+ )|
! (49)
~ ()~ £ | £l (o4 A Y,
U[Ru] = U[Rm] = Rys1(t) = Ru(t) + L {Rlﬁ{(an —(u+ T)Rn}}
’ (50)
—Rp(t) —£71 [Rlﬁ{vch —(u+ T)Rm}:| ,
U[Dﬂ] - U[Dm] = Dn+1(t) = Dn(t) + ‘C_l {Dl['{/\Hn - QDn}]
’ (51)
—Du(t) - £ [SL{AH,“ - enm}} .
By taking the norm of (46)—(51), and without loss of generality, we obtain
I0[S4] = Ol = [$0(6)+ £77 | g £LA = Su(Bil + B+ BoDi) ~ (1 + )50
’ (52)
—Su(t)— L7 [Slvc{A — S(Bilu + BrrHu + BpDm) — (i + r)sm}} |
IU1E,] ~ UlEn]l = [B0(0) + £ [ L0881l + Brabh + BDy) = (u-+ T+ 9)E)]|
’ (53)
—E(t)— £ Hg{sm(ﬁﬂm + BirH + BoDu) — (4 + 7 + (5)Em}} |
008 = Vbl = [10(6) + £ £ £00Ew = (u+ 1)1}
’ (54)
—In(t) = £71 [Ilvﬁ{éEm —(n+ 'y)Im}] H,
0[] = Ul = [Hut) + £ | g £0rh = (e A+ )}
’ (55)

= Ho(t) = £ | vt = (e A+ ) |
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IU[RA) = UIRnll = [Ra(0) + £ | £ 0y — -+ )R]
’ (56)
— Ry (t) — L1 [Rlvﬁ{uch —(p+ T)Rm}] H,
IU[D,) ~ VD)l = [Da(t) + £ 5-L{aH, —0Du)]
’ (57)

— Dp(t) — £ BUL{AHm - GDm}} H

Then, applying the inequality, the equations become

1U[Sx] = UlSul]ll <

$0(6) = S0 + £ [ {)l = Sui (L~ )|
+ 1l = TP (Sn = Sun) | + 1| = Subr (Ha = Hu) | + || = HunBra (S = S| (58)
+ Il = $4B0(Dn = D) | + Il = DB (Sn = S|l + | = (e +7)(Sn = Sw)ll}],

[U[Ex] = U[Ea]|| <

Ex(t) ~ En(t)]|+ £ {50810~ 1)
+ 1 InB1(Sn — Sw) || + 1SnBr(Hn — Hu) | + | HuPr (Sn — Sm) | (59)
+ 11848 (Du = D) | + DB (S = Sl + | = (e + 7+ 8)(Ea — En) }],

U] = ULn] || <

() = I (O] + £ [ L{I8(En — Bal+ 1 = (-4 1)~ L)}, (60)

1

[U1H,] ~ UlH] < | i

Hu(t) = Hn (D) + L7 [ L{ v (b= Bl + | = (1 + A+ ) (Ha = H) [}, 6D

1

U[Rx] = U[Rn]|| < R

Ra(t) = Ru(®)| + £ [ £{ Il = Ho) [ + | = e+ ) Ru =Rl }],  (6)

1

10Dy ~ VD]l < | b

Da(t) = Dur(®) | + £7 [ 5-L{ IA(Ha = Hun) | + | = 0(Dw = D)1 }]. (63)

Considering that the obtained solutions take on a similar role, we conclude that

15 () = S (D) = [1Ru(t) = Run($)[| = [[1n(£) = L (2) |

(64)
= [[Hu(t) = Hu(t)[| = [Dn(t) = D (8)[| = [|En(t) — Em ()

By replacing with this in (58)—(63), we obtain the connection shown below
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JU54] = DSl < [[S0(6) = S (0] + £ [5-£{1l = BiSuSu(8) = Su()
+ || = InB1(Sn — Sm) ||+||_5n5H(Sn( ) =S+ | — HuPr(Sn — Sw)||

+ 1| = SuBD(Sa(t) = Su(®)Il + | = Dufo(Sn = Sw)l| + | = (u+T)(Sn = Sw)l}],

HU[En] - U[Em} H <

Ea(t) ~ En(t)]| + £ [ £{I5:1(Es — Ew)]
1B — En)ll  1S0Bir(En — Eu)ll + | Hnia (En — En)
+ 118480 (En — En) | + DB (En = En) | + | = (1 + T+ 8)(En — En) I},

U] = U] || <

() = (O] + £ [ {1600 = )l + 1 = e+ 1) (G = T},

IU[Hx] = UlHau]| <

IU[Rx] = U[Rn]|| <

R(t) = Ru(8)][ + £ [ £{18(Ra = R} |11 = 1+ 7) (Ra = Ra) 1],

HU[Dn] - [Dm]H <

Da(t) = Du®)| + £ [ L{IAD = D) + | ~ 6D — D) ]

The above Equations (65)—(70) are simplified so that:

[U[Sn] = U[Su]ll <

u(8) = Su(0)]| + £ [ - L {BilISull (4 = Sul®)]
111 = S+ 141810 (52 ) = Su(O)] + [l Bl (S0 — )]
+ 11Sul1B(Sn (1) = Sw(®) | + DB (S = S|l + (e + D)1 (Sn = Su) 1},

IU[En] — U[En]|l <

Ea(t) ~ En(t)]|+ £ [ {ISa1811(E. — )]
5B — B+ 10811l B — En) ] + [ i 1811 — En)
+ ISl (B — En)ll + [ DallBoll (Bn — En)l| + (e + 7+ &) (B — En)}],

[UlL] = U] || <

1) = Tu®)| + £ [ 280 = Tl + G+ )10 — )},

[U[Hx] = UlHau]|| <

IU[Ry] — U[Rw]| <

Ra(t) = R(8)]| + £ [ £{al(Ra = R) |+ (e + Ol (Re = R) 1],

Ha(t) = Hnlt)]|+ £7 [ {7 (Ho = Ha) |+ [ = 24 ) (= o) ],

Ha(t) ~ Ho(8)| + £7 [ {711 (B = H) |+ G+ 2+ )| (o — Ho) 1],

(65)

(66)

(67)

(68)

(69)

(70)

(71)

(72)

(73)

(74)

(75)
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DID.] = VDI < [Da®) = Dn(t)| + £ [ - £{A11(Ds = Din) | + €1l (D~ D)1 }- 76)

In addition, Sy, Iy, Hx and D, are convergent sequences; hence, they are bounded
and we can obtain four different positive constants k1, k», k3 and k4 for all t such that

1Sull < ki, [\ll <Ko, [[Hmll <ks, [[Dmll < k. (77)

Next, considering Equations (71)—(77), we obtain

[U[Sx(t)] = U[Sm(8)]]| < {1 + ki1 B1h1(v) + kaBiha(v) + kiBuhs(v) + kaBrha(v)

(78)
+k1Bphs(v) + KaBphs(v) + (4 + T)h7(v)}|| (Sn—Sm)ll,
|U[Ex(t)] = U[Em(D)]]| < {1 +k1Brhs(v) + kaBiho(v) + k1 Brhio(v) + k3Brhii(v) 79
+k1Bpla(v) + kspphna(v) + (4 + T+ O)hia(v) I (Ew — En)|
[U[L:(8)] = UL (1] ]| < {1 + 6h15(v) + (p + V)hla(v)}H (I — In)||, (80)

|ULH (5] = UIHn(O]]] < {14 7h17(0) + (u + 2+ @)his(0) | (Ha = H)ll, (8D
[UIR(#)] = URm (B < {1+ ahio(v) + (1 + hao(0) P (Ru = Ru)[,  (82)

JUDA(6)] = UDw (1)) < {14 Aty (0) + 6h22(0) } (D — D). (83)

Where h;(v),i=1,2,3,---,22 are functions from £~! [E}

Therefore, the mapping G* has a fixed point. Next, we prove that G* holds all the
conditions in above Theorem 5. Let Equations (77) and (84) hold, and by using

N = (0,0,0,0,0,0),

{1+ k1Brln (v) + kaPila(v) + ki Bralia(v) + ksBraha(v)
+k1Bphs(v) + KaPphe(v) + (1 +T)hr(v) } <1,

{1 + k1B1hs(v) + kaPrho(v) + ki1Brhio(v) + ksBrhii (v)
+k1Bphi2(v) + kaPphiz(v) + (p+ 7+ 5)’114(11)} <1,

(
)+
{14 0m5(v) + (n+7)he(v) } <1,
+
+

( (84)
{1 +hz(v) + (g + A+ "‘)h18(v)} <1,
{1+ aho(v) + ( + Dhao(v) } <1,

( )+9h22(v)} <1

all the conditions in Theorem 6 are satisfied by G*. Therefore, G* is Picard G* stable. []
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7. Numerical Dynamics

At this point, utilising the most appropriate values found in the table and the Caputo
operator (a fractional differential operator), we give several numerical findings for the
suggested model. In order to conduct the model simulations, a dependable piece of
software called Matlab has been used in conjunction with a numerical method for the type
of fractional dynamical proposed system, as described and assessed in [26]. The Cauchy
ordinary differential equation is considered in the following manner with respect to a
Caputo differential operator of order v.

pv —

where0 < t <v,0< ¢ <1withb=0,1,2...,n—1,n = [v].
As a result, we obtain the Voltera equation

n—1
_ bz 1 _ v—1 d
)= Lol + iy [ B (E e (56)

Numerical Scheme with Power Law Kernel

Our main goal in this section is to apply the operators to the suggested model. Addi-
tionally, we implement the variable version and recover the classical operators using the
power-law kernel. Therefore, the suggested model (4) becomes

DYS(t) = A — S(BiI + BpD + BrrH) — (T + 1)S,

CDYE(t) = 5(511+5HH+BDD) (M+T+I)E,

EDYI(t) = 6E — (u+ 7)1, (87)
CDVH(t) = 41 — (p+ A +a)H,

CDYR(t) = aH — (p + T)R,

(t
CD;’D(t) = AH —6D.

with initial conditons

So > 0,E(0) = Eg > 0,1(0) = I > 0, H(0) = Hy > 0,R(0) = Ry > 0,D(0) = Dy > 0. (88)

DYI(t) = Ya3(t, W),
DYH(H) = Y4(t, W),
DYR(t) = Ys(t, W),
CDYD(t) = Yo(t, W).

EDYS(t) = Y1(t, W),
CDVE() = Ya(t, W),
(89)

A —

tW) S(Bil + puH + BpD) — (4 +1)S,

t, W) =S(BiI+BuH+ BpD) — (n+T+9)E,

t, W) =0E — (u+)1, 00)
tW) =7

W)

t, W)
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As an example of a Power

Law kernel, consider

1 _
S(t(5+1 = L V 2ftt()+ Yl T, W(T))(_T+t§+1) 1+U)dT,
to 1 _
E(ts1) = riy V oo Sy (Yo (T, W(D)) (=T + 1) 1Y) dT,
to 1 _
I(ts1) = % o o iy T (Ya(T, W(T)) (—T + t541) 1) d, o)
0+1 _
H(ts11) = 25 o Y4 (T, WT)) (=T + tar) 1),
( ) t(5+1
R(ts11) = F(U 2ft (Ys5(T, W(T)) (=T + ts1) 1HV)dr,
0+1 _
D(ts11) = 1 L 25 o fi T (Y6 (T, W(T)) (=T + tsp1) 1) d T
0+1
55+1 — LZ‘(S—ZYl (t s, S}t*ZI E;lf2, I}l*ZI H;lle RV—ZI D}‘*z)At /t + (t(5+1 . T)Uil)d'f
T(v) #=2"11n t5
-1 -1 -1 -1 -1 -1
+ 1 25 [Yl(tﬂfl,,sy ’EH /IV /HV /RV /Dﬂ )
T(v) #=2 At
Y1 (ty—2, SH=2,EF=2, [#=2, HHF=2, RI—2, DI2) t6-+1 o1
— —ty o) (tse1 — T dt 92
= [ x [ =t =) ©92)
1 o5 Ya(ty, SH, EF, 1M, HF, R, DF) — 2Yq(t,_q, ST1TH, EFL, =1, HP=1 Ri DL
+ |
T(v)~* 2(At)?
Y1 (ty_, S#72, EF72, [M=2 HI2 RI=2, DF2) /t5+1 i
—t,_ —t, 1) (ts01 — T dT,
+ T [ G T [ A (AR
o+1
Bl = %0 ,Yy(t, 0,872 EF 2, 72, HI 2, RF-2 DF2) At / o (tsi1 —T)° V)dr
[(v) "= # t6
1 5 YZ(ty—]//Sy_l/E}l_lrIﬂ_l/H}l_ery_l/Dy_l)
+ |
T(v) * Af
Yo (t,_p, SH=2 EF-2, [H=2 HI-2 RH-2 DH-2 t6+1
_ Yalbys )} x/ (T—ty)(tips — T)V 1)dT (93)
At to
1 s [Ya(ty, St EF,IF,H!, RV, DV) = 2Yy(t,—1, S~ 1T, EF-L, [#-1, HM=1, RE-L, DI
+ _
T(v) ;472[ 2(At)2
Yo (t,—o, SH72, EF=2, [F=2, HI=2, RI=2, DI2) /tfm o1
X T—ty ) (T—t,_1)(tse1 — T dr,
+ T | < [ @) (= ) 50— D)
o+1
P = %0 Y3(t, o, SF2 EFT2, [F72, {2, RFT2, DET )AL o (ts41 — )0 V)dr
F(U) ’,[:2 3 “u—Zr ’ 7 ’ 7 ’ 15 o+1
L1 [Yg(t;,1,,SV%Eﬂl,Iﬂl,Hﬂl,Rﬂl,Dﬂl)
T(v)7#=2 At
Y3(t,_o,SH=2, EF=2, [F=2, HI=2, RF=2 DF2) to+1 B
- ol - [ [T = o) tag =7 e 94
to
+ 1 ) |:Y3(t]ll S‘u/ El/l/ I‘M/ HH/RHIDH) - 2Y3(tl471,571+1’l, Eﬂil/Iyil/HyieryillDyil)
T(v) #=2 2(At)?

to+1

)

Y3(ty_p, SH72, EF~2, [F=2, HI2 RI2, DI 2
+ 20802

I,

(T = ty2) (T = ty1) (b1 — 7)" dT,
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5 1 _ _ _ B 3 3 t5+1 B
HO = gy S Yalty 2 S BRI IR RV, DI [ (s =0 D
1 o5 [Yalty—y,, S¢ 1 Er-L, ot go=l Ri1 DL
o

+ T(v) #=2 At

Yu(t, o, SF=2 EF—2 [F—2 HI-2 R¥-2 DH—2 to+1 B
_ 2ally Af )} ></t5 (T —tya)(tiys — )" HdT (95)
+ 1 25 Y4(tV/SH,E}4,I}I,HH/RH/D}l)_2Y4<t;l71/5*1+}l,EH*1/I}l*l/H}l*l/R}l*l/DH*l)

T'(v) VZZ[ 2(At)?

Yy(t, o, SH72, EF=2, [F=2, HI=2, RI=2 DH2) t6+1 B
+— T [ x [ =t = fin)(taa — 0" N,

1 t6+1
R = s Y5t "2 V2 12, Y2, R DY AL [T (5 — ) e

I'(v)
1 o5 [Ys(ty—1,, SF1EFL 21 ool Ri DL

) 2| Al

Ys(t,—o, SH72, EF=2, [F=2, HI2, RI=2, DI2) t641 B
_ Al } X ./t§ (t— i’yfz)(tHJ —1)"7Ndt (96)
+ 1 Z(S {Y5(tﬂ' S‘u’ EV’ IV’ H,”, RV’ DP‘) _2Y5(t‘u*115_1+yl EH_l/ I’/‘_ll Hy_l/ R’/l_ll D}l—l)

T(v) 712 2(At)?

Ys5(ty—p, SF2, EF72, [F2, HF =2, RF=2, DI2) t6+1 9
+ T [x [ =t = ) o =0,

1 t6+1
D = %0 ) Ye(ty o, M2 EFT2, 12 HI2, RFT2, D2 At / (tsi1 —T)" Vdr
to

I'(v)
1 o5 [Ye(ty—1,, St 1 EF-1, =1, Hr=1 Ri-1 D)
+ I'(v) VZZ[ At
=2 pp=2 [u=2 -2 RE-2 pH-2 to+1
~ Ye(tu—, S % E ,IAt ,H"2,RF2,D )} X/w + (€= ty2)(bras — 7))t 97)
1 o5 [Ye(ty, S, EF,IM,H!, R, DF) —2Yg(t, 4, S~1TH, EF-L =1, HP=1 RiT DT
+r(u) VZZ[ 2(At)2

Yo(ty—p, "2, EF=2, M2, H' =2, RM=2, DI 2)
+

to+1 -
2(At)? } x /hs (T—ty2) (T —ty1)(tsy1 —7)" "dT,
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The resulting number pattern is as follows:
o1 _ (B o5 1-p “2 =2 u-2 pu-2 pp—2 pu-2
S — WZI’IZZtﬂfzyl (t‘u_z, S}‘ ,EV /I}‘ ,HV ,Ry ,Dy )
x [0 =p+1)" = (- p)]

At)Y _

— BV (b, 872 EF 2, 1M HF 2RI, D2

+

X [0 = p+1)"(0 = p+3+20) = (5 p)"(0 — i +3+30)] o8)
(A" o5 [a-p W OEM M HM R DH

+mzﬂzz{t#_2\(l(tws JEM, ', H", RV, DV)

— b, By (b, SV BT, 071 gp R, DR

— 1, Y (b2, S EF R 12 HIR RI2 DR ) o (6 1)

x [2(5—;4)2+ (30 +10)(6 — 1) +2v2+9u+12] —(6—p)"

x [2(5 — 1)2+ (504 10) (6 — 1) + 6V + 18v + 12},

o+l — (At)v 36 tliﬁY (t GH=2 Epu=2 =2 gH=2 pH—2 DH*Z)
_F(v+1) u=2ty—2 2\tu—-2, s s s 7 ’

x [6—u+1)" = (-]

At)? B
() Zi_z[t;_?Yz(ty,l,S”’l,E’”P‘,I”’l,H”’l,R”’l,DV’l)

T Tot2)
— b Yo (b, 2 EN72, 112, N2 RIC2, pH2 )}
X [(6=p+1)°(0—p+3+20) = (6 )°(6 — j+3+3a)] 9)

(A o 1-p WOEH TH M RM DH
+2r<v+3)ZH:2[ty72Y2(ty,S JEM, M, H", RV, DV)
- t:l:gY2<tH71/ Syil/ E71+Hl 1#71/ H'uill R‘uill Dyil)

— b Yo (tya, "2 EF 2 12 I R, Dﬂ—z)} (5 —p+1)Y
x [2(5— 1)+ (30 +10)(5 — ) + 202 +9v + 12} —(6—p)"

x [2(5 — )%+ (50 4+ 10) (6 — 1) + 6V + 18v + 12],
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115+1 — ﬂz& tl—ﬂY (t Sy—z Ey—z I‘uiz H”,2 R,‘M*Z DM*Z)
T(o+ 1) r=2tu-2Yalp—2, 5% B 5 RF2
[6-nr 1 - -]
(At)Y s 1-p p—1 p=14pu yu—1 pp—1 pu—1 pu—1
mzrz[t}lﬂs(twl,s JE-UH el ppel gl prel)y
- tiﬁ’gYa(fyfz, SH=2 M2, M2, HF 2 RET2 D”_z)}

+

X (6= p+1)°(0—p+3+20) = (6= )"(6 — j+3+3a)| (100)

(A1) s 1-p B OEH TH EHM RE D
+ 30 3 S |6, Yt S*, BV, 1!, HY, RY, DF)

— b, BYa (b, SML ETIH, 1 gl RECT, DT
— b X5 (tya, S" 72 EF 2 12, I 2RI, Dﬂ—ﬂ X (6—p+1)
X [2(5 — )2+ (3u+10)(6 — ) + 20% + 90 + 12] —(6—n)

X [2((5 —u)* 4+ (504 10)(6 — ) + 6v> + 18v + 12},

si1_ (MDY o5 1-p WD w2 2 2 2 2
H - r(v+1)zy:2ty—2Y4(t;472rS ,EFT4, M2, HF =, RF™%,DF9)
s -6
Ab)Y _
r((vJZz)Ziz [t AYa(tya, S4BT, o e RECT, DEY)
5Oty SR B2, 12 HIC2, R, Dy—z)]

+

x [0 = p ) (6= p+3+20) = (6 )°(0 — i +3+3a)] (101)
(At)v 5 1-8 B OEM TH HE RE DM

+mzﬂ=2{tﬂ72\{4(tﬂ/5 (ER I, HY, RE, DF)

— by, BYa(ty, SM T, 1 R RICT, DT

— b bty S BN, I HI2, RS2, DI s (6 - 4 1)

X 206 = 1) + (30 +10) (6 — ) + 207 + 90+ 12| — (5 — )"

x [2(5 — )2+ (50 +10) (6 — ) + 6% + 18v + 12],
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g1 (AD)Y o5 a-p U2 pH=2 [u=2 =2 pH—2 -2
R = T(o+ 1)2;1:215#72\/5(1?;‘_2,5 JEFTS, IFT5, HI 4, RFTZ, DFT9)
x [6—u+1)" = (6 —n)]
At)Y _
Oy s e

— by X5ty , 2 BN 12 I R, Dﬂ—z)}

X [(6 = p+1)"(0 = p+3+20) = (6 w)°(6 — i +3+30)]

(102)
(At)Y 5 Ta1-p WOEM M HM RM DF
+ (o3 S (6,55t S*, BV, 1!, HY, RY, DY)
— b, 55ty ST BT, hL et RET, DT
TR Gl Ll (L DH)] X (6 —u+1)Y
x [2(5—y)2+ (30 +10)(6 — 1) +2v2+9v+1z] —(0—p)?
x [2(5—y)2+(5v+10)(5—y)+6v2+18u+12],
Ab)? 1— _ _ _ _ - -
D5+1:( v0 APy (4 gu=2 pu=2 [u-2 pgpu-2 pu-2 pH-2
F<U+1) yfzty_z 6(t]/l 2/5 7 ’ 7 7 7 )
< |6—pn+1)" =6 -]
(At)v 6 1-p u=1 p=1+pu qu—1 gpu—1 pu—-1 PpHu-1
+ o 2752 [tHYG(tV_l,s JE~1Hr =1 pgnel Re=l el
- t;:gYé(tny/ Sy_z/ E}i—Z, Iﬂ_z/ H}i—Z, R"{_ZI Df’l_2)j|
X [0 =p+1)°(0— p+3+20) = (6= )"(6 — i +3+3a)| 103

(A1)
20 (v +3)
1- — — — — — —
— b, BYe(ty 1, SM T BT, 1 gEl RECT, DT

+ =, [t;jy(,(t},, S* EM,I', H", RV, DV)

— b B Ye(typ, S" 2 P2 12, 2 RI2, DV*Z)} X (6—p+1)
x [2(5 —1)% 4 (30 +10)(6 — ) + 202+ 9v + 12} — (6 —p)"

x [2((5 — )2+ (50 +10)(8 — ) + 60% + 18v + 12],

8. Discussions and Numerical Simulations

A mathematical analysis has been performed on a non-linear epidemiological model of
the Ebola virus and therapy. In order to ascertain the benefits of the parameters used in this
Ebola dynamics model, several simulation tests based on parameter values were carried out
to assess the impact of the fractional derivative on the treatment sections. Through using
a fractal fractional derivative, the model creates numerical representations for a range of
fractional values in accordance with the steady state point. Many numerical methods may
be used to study the end time value of a certain parameter in order to analyze how distinct
parameters affect the dynamics of the fractional order model. Figures 1-6 show graphs
of the approximations of solutions for various fractional orders. As shown in Figures 1-6,
S(t) and R(f) increase as the fractional values drop, whereas E(t), I(t), H(t) and D(¢) fall
as the fractional values grow. When the fractional values are reduced, the behaviour in all
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graphs shifts, suggesting that the roots will work better if the fractional values are lower
than the classical derivative. These simulations demonstrate how variations in values have
an effect on the model behavior. The simulation also demonstrates how the condition of
Ebola patients might change over time. As a result, the research becomes even more crucial
for making choices and putting restrictions in place.

Through using different numerical techniques and the time fractional parameters, the
mechanical characteristics of the fractional order model have been identified. Simulations
reveal that the model’s dynamics have changed. Furthermore, with aid of the fractional
value and results from various dimensions, the outcomes of the nonlinear system memory
were also discovered. It provides a better way to control the disease without defining
other parameters. Figure 1 shows the simulations obtained by the power law kernel
method. It is highlighted that, when compared to the classical order situation with varied
dimensions, the most visible and robust part (the fractional order derivatives) are far better
at explaining the physical processes. The numerical results demonstrate how the dynamics
in the different fractional orders behave.

Proposed Method

v=1.0
0.9 ©v=0.95
©v=0.90
v=0.85

[¢] 20 40 60 80 100 120 140 160 180 200
t

@)

0.8

Proposed Method

»=1.0
v=0.95| |
©v=0.90
v=0.85

o] 2‘0 4‘0 6‘0 8‘0 160 12‘0 14‘10 léO léO 200
t
(b)
Figure 1. Simulation of the model classes with the Caputo fractional derivative. (a) S(t) at dimension
1. (b) S(t) at dimension 0.8.

Simulations obtained by the power law kernel approach are shown in Figure 2. It is
highlighted that, when compared to the classical order situation with varied dimensions, the
most visible and robust parts (the fractional order derivatives) are far better at explaining the
physical processes. The numerical results demonstrate how the dynamics in the different
fractional orders behave.
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Proposed Method

v=1.0

[o] 20 40 60 80 100 120 140 160 180 200
t

(a)

Proposed Method
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v=1.0
©»=0.95

[¢] 20 40 60 80 100 120 140 160 180 200
t

(b)

Figure 2. Simulation of model classes with the Caputo fractional derivative. (a) E(¢) at dimension 1.

(b) E(t) at dimension 0.8.

Simulations obtained by the power law kernel approach are shown in Figure 3. It is
highlighted that, when compared to the classical order situation with varied dimensions, the
most visible and robust part (the fractional order derivatives) are far better at explaining the
physical processes. The numerical results demonstrate how the dynamics in the different

fractional orders behave.
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Figure 3. Cont.
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Proposed Method

©v=1.0
©=0.95 |
©=0.90
v=0.85| |

(o] 2‘0 4‘0 6‘0 8‘0 l(‘)U 12‘0 11;0 léO 18‘0 200
t
(b)
Figure 3. Simulation of model classes with the Caputo fractional derivative. (a) I(t) at dimension 1.
(b) I(t) at dimension 0.8.

Simulations obtained by the power law kernel approach are shown in Figure 4. It is
highlighted that, when compared to the classical order situation with varied dimensions, the
most visible and robust parts (the fractional order derivatives) are far better at explaining the
physical processes. The numerical results demonstrate how the dynamics in the different
fractional orders behave.

Proposed Method
0.3 T T T

v=1.0

+=0.95
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t

@

Proposed Method
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0.25 - ©=0.90 |
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o 2‘0 4‘0 6‘0 8‘0 l(‘JO léO 11‘10 l(;O 18‘0 200
t
(b)
Figure 4. Simulation of model classes with the Caputo fractional derivative. (a) H(t) at dimension 1.
(b) H(t) at dimension 0.8.

Simulations obtained by the power law kernel approach are shown in Figure 5. It is
highlighted that, when compared to the classical order situation with varied dimensions, the
most visible and robust parts (the fractional order derivatives) are far better at explaining the
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physical processes. The numerical results demonstrate how the dynamics in the different
fractional orders behave.

Proposed Method
0.4 T T T

v=1.0
©=0.95| |

+=0.90

(o] 20 40 60 80 100 120 140 160 180 200
t
@)

Proposed Method
0.4 T T T

v=1.0
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0.35 4

©=0.90
| ———
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0.15 T
0.1 T
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OO 2‘0 4‘0 6‘0 8‘0 1(;0 1éo 11‘10 16;0 léO 200
t
(b)
Figure 5. Simulation of model classes with the Caputo fractional derivative. (a) R(¢) at dimension 1.
(b) R(t) at dimension 0.8.

Simulations obtained by the power law kernel approach are shown in Figure 6. It is
highlighted that, when compared to the classical order situation with varied dimensions, the
most visible and robust parts (the fractional order derivatives) are far better at explaining the
physical processes. The numerical results demonstrate how the dynamics in the different
fractional orders behave.
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Figure 6. Simulation of model classes with the Caputo fractional derivative. (a) D(t) at dimension 1.
(b) D(t) at dimension 0.8.

9. Conclusions

To better comprehend how the Ebola virus spreads, a nonlinear compartmental model
has been suggested. Six components make up the suggested paradigm, and they are all
mutually exclusive. It has been determined that there have been many Ebola virus fever
cases and Ebola has caused many fatalities and it may be spread by treating infected
individuals and through dead bodies. We were able to analyze the consequences of the
Ebola virus on individuals, as well as the general population in any nation, through the
research of a proposed mathematical model with fast and slow observable cases. The
model’s nonlinear ordinary differential equations were carefully analyzed for the degree
to which they are well posed. The existence and positivity of solutions were also checked
to determine biological feasibility of the model. Then, we investigated the stability of the
iterative scheme of the proposed model by using fixed point theory results. The numerical
results were discussed through graphs, and we also compared the results in two different
dimensions for a complex analysis. Symmetry analysis is a strong tool that makes it possible
to generate numerical answers to given fractional differential equations very methodically.
This unique method of fusing two operators was used to derive numerical outcomes and
simulations for this purpose. The method is extremely dependable, efficient and capable of
resolving a variety of technical and scientific issues. This area of research is beneficial for
understanding how the Ebola virus spreads and how to manage illnesses in a community.
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