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Abstract: The COVID-19 epidemic was a significant occurrence that had a significant influence on the global economic and health
care systems. Machine learning techniques and mathematical models are being used to study the behaviour of the virus and make long
and short term forecasts about the daily new cases. In this work, we construct a SEWIR epidemic model in this paper using the Mittag
Lefler Kernel in terms of fractal fractional operator. The control rate and infectious force in this model are at their peak during the latent
phase. We demonstrate the presence and originality of solutions and determine the model’s fundamental reproductive number Rg. For
the first and second derivative tests, a global stability investigation is started using the Lyapunov function. Quantitative analysis of the
collapse of second derivative equilibrium points to demonstrate the impact of another wave of dynamical transmission. The model’s
parameters are subjected to sensitivity analysis in order to the specific factors with the greatest effects on the propagation rate. Infections
point analysis was thoroughly explained, and a Mittag Lefler Kernel-based mathematical framework was used to develop the model’s
numerical solution.

Keywords: COVID-19 Model, Mittg Leftler Kernel, Lyapunov Stability, Unique Solution, Biological feasibility; Existence

1 Introduction

COVID-19, also known as the novel coronavirus, has had far-reaching impacts globally, affecting various aspects of
society, such as health, the economy, education, and more. In terms of health impacts, COVID-19 has been associated
with significant morbidity and mortality, with millions of confirmed cases and hundreds of thousands of deaths reported
worldwide. A systematic review of 30 studies conducted [1] found that COVID-19 is associated with an increased risk
of hospitalization and death, particularly in older adults and those with underlying medical conditions. The COVID-
19 pandemic has also had significant economic impacts, with widespread job losses, declining business activity, and
decreased consumer spending. According to [2], the pandemic has led to the worst economic downturn since the Great
Depression. A study by [3] found that the COVID-19 pandemic has led to a significant decline in global trade and that
the largest impact has been on the service sector. Moreover, the pandemic has disrupted education, with schools and
universities closing globally, leading to widespread shifts to remote learning. A study by [4] found that the shift to remote
learning has had negative impacts on student learning and has widened existing disparities in education. It is clear that
COVID-19 has had widespread impacts on various aspects of society, and it will continue to shape our world in the coming
years. In epidemiology, the SEIR model is frequently employed. The entire group is divided into four sections: vulnerable,
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exposed, infected and recovered. Early on in their studies, many researchers took into account fewer variables, and the
majority of them employed the SEIR model directly to investigate and evaluate epidemic illnesses [5]. An SEIR epidemic
model like the one mentioned in [5] was examined by Carcione et al. in [6]. By replacing the control values for the four
populations, the pace at which exposure leads to disease, and the infected population’s recapture rate, they were able to
duplicate the infection and mortality curves. It was confirmed how crucial and successful isolation and medical level were
in halting the virus’s transmission [5,6].

Fractal fractional calculus (FFC) is an area of mathematics that studies the fractional derivatives of fractal functions. It
combines the ideas of fractional calculus and fractal geometry to provide a more complete understanding of the behavior
of fractal functions. The power law, the exponential day law, and the generalized Mittag-Leffler law are the three most
significant ones that have been proposed for this subject [7]. Research papers on Fractal fractional calculus have explored
its applications in various fields such as finance, physics, and biology. A notable example is the paper "Fractal Fractional
Calculus and Financial Markets” by [8]. In this paper, the authors demonstrate how FFC can be used to model the long-
term memory behavior of financial time series. Another paper, “Fractal Fractional Calculus and Anomalous Diffusion in
Complex Systems” by [9], shows how FFC can be used to describe anomalous diffusion processes in physical systems. In
general, FFC provides a new way of looking at the derivatives of fractal functions and allows for the characterization of
the complex behavior of these functions. Its applications in various fields demonstrate its potential for further exploration
and use [10]. Since it has been shown that the power-law and exponential decay functions are more general than the
kernel Mittag-Leffler function, the Riemann-Liouville and Caputo-Fabrizio fractional operators are particular instances
of the Atangana-Baleanu fractional operators [11]. In Caputo-type circumstances, the existence of a local derivative of a
power law, exponential function, or Mittag-Leffler function is crucial [12].

The early results are supported by a thorough qualitative investigation of the fractional-order HIV/AIDS model.
Numerical simulations are carried out [13] to show the effects of changing the fractional order and to validate the
theoretical conclusions using the methodologies offered for different fractional orders [14]. Nonlinear analysis was used
to assess Ulam-Hyres’ dependability [15]. The system of fractional differential equations is resolved using the Caputo
and Atangana Baleanu fractional derivative operators. The fractional-order model has undergone qualitative analysis
[16]. Numerical simulation is used to build the close-loop architecture and continuous glucose and insulin monitoring of
the artificial pancreas. The created model provides the estimated values for the human glucose-insulin system’s daily
measurements [17]. Fractional derivatives exhibit large alterations and memory effects in contrast to conventional
derivatives, which enable early disease identification and lower the risk of death [18]. Mathematical models can be used
to investigate social behavior or the spread of infectious diseases. Numerous works on this topic and related topics have
been applied to and researched in the social, medical, and political sciences [19]. Only a few mathematical research and
investigations have been done on this topic, and the majority of them have concentrated on the phenomenon’s statistical
component [20]. It is possible to employ mathematical models to study social behavior or the spread of infectious
illnesses. Several drinking-related mathematical models have been developed and investigated to lower the number of
drinkers [21]. Adu [22] investigated the dynamics of the drinking pandemic using a nonlinear SHTR mathematical
model. A mathematical model was created by Manthey et al. [23] to investigate the epidemiology model of ground
drinking dynamics. Because there weren’t enough reproductive persons to forecast if drinking patterns will endure on the
campus, their data demonstrated that the strategy of enlisting new members had a significant influence on the reduction
of ground alcohol issues. Sharma et al. [24] developed a two-stage (four compartments) method for the treatment of
young individuals with serious drinking problems who have both admitted to their issue and have not. The stability of
each equilibrium was also investigated.

COVID-19 fractional order models have gained significant attention in recent times, especially in the context of
analyzing the spread of the disease. A fractional-order SIR model was proposed to study the spread of COVID-19. The
model takes into account the time-varying parameters, which makes it more realistic compared to other models. The
proposed model was used to analyze the data of some countries and the results showed that the fractional order SIR
model can provide more accurate predictions than the traditional SIR model [25]. Another fractional-order SEIR model
was proposed to study the transmission dynamics of COVID-19. The model takes into account the exposed and infected
compartments, which makes it more comprehensive than the SIR model. The proposed model was used to analyze the
data of some countries and the results showed that the fractional order SEIR model can provide more accurate
predictions than the traditional SEIR model [26]. A fractional order SIR and SEIR models with saturating incidence rates
are proposed to study the spread of COVID-19. The proposed models take into account the saturation in the transmission
rate, which makes them more realistic compared to other models. The models were used to analyze the data of some
countries and the results showed that the fractional order SIR and SEIR models with saturating incidence rates can
provide more accurate predictions than the traditional SIR and SEIR models. Furthermore, the Authors of [27-31]
research works have significantly contributed to the field of COVID-19 and pneumonia fractional order models analysis.
His proposed models take into account various realistic factors and provide more accurate predictions compared to
traditional models.
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Because of their limitations at birth, working with nonsingular kernels is a difficult undertaking, as Refai and Baleanu
discovered. In this brief study, we propose an extension of the fractional operator that permits an integrable singular kernel
at the origin by involving the Mittag-Leffler kernel. New solutions to the associated differential equations were presented
along with various modeling-related viewpoints [32]. By replacing this f’(t) with a more generic proportional derivative,
Baleanu et al. [33] develop a new fractional operator. This novel operator can also be expressed as a linear combination of
a Riemann Liouville integral and a Caputo derivative in some significant particular instances, or as a RiemanN Liouville
integral of a proportionate derivative. For neural networks with ring or hub architectures, the stability area of a steady state
has been extensively characterised, and the critical fractional order values for which Hopf bifurcations may occur have
been discovered [34]. An example of fractional-order neural networks with mixed delays that exhibit periodic oscillation
caused by delays in [35]. The dynamics of the model have changed, according to simulations. With the aid of fractional
values and discoveries from multiple dimensions, the findings of the nonlinear system memory were also identified.
Without imposing any more requirements, it provides a better technique for how you want to manage the sickness. The
numerical results show how the dynamics in the different fractional orders behave [36,37]. Some application of modified
Atangana-Baleanu [38], piecewise fractional analysis [39], intravenous drug model [40],piecewise constant for chemo-
immunotherapy [41], SEIQR model [42] and HIV/AIDS with new fractional techniques in [43].

Section 2 provides the conception of the model as well as a few key aspects. The stability of the proposed model’s
equilibria is assessed in section 3 along with their identification. Some numerical simulations and comments are included
in Section 4. The findings and discussions are covered in Section 5. Finally, we offer a summary of the paper’s main
findings.

2 Basic Definitions

This section has outlined a few preliminary steps that are essential for assessing the system.

2.1 Definition

Suppose the differential function z(¢), Let o < 0 and 0 < 1 < 0, Where 7 is fractal dimension and « is fractal order is
given as COVID-19 model with a fractional operator that incorporates diabetes [44]

1 d [ i
mﬂ‘/oz(f)(l‘—’f) drt ()
Where

dZ—(t) — Iim Z(t) *Z(tl)

FFPDan 1) =

din sy 271 — 270 @
Given is an exponential kernel with a generalized fractional operator.
M(a) d [ o
FFE pan £ _ _
Dy z(t) = o & / z(T)exp| 0 _a(t 7)|dt 3)
The generalized version of a Mittag Leffler kernel with a fractional operator is given as
AB(a) d (! o
FFM 1 _ a
D t) = — Eg|——(— d 4
EMDENa) = T [ (o[- T -0 ar @)
Remark.Let f be continuous, if OF FE D,a B exist [45,46], then for example
G(t)—G(t r—t
EFEDEMg () = tim =G0 = 5)
t—ty r—n £2-1n —1 '1(2717)
1
o
AB(a) d [ dt
= — Eq|l——(t 4l —
— mwa[h_< Res
= ——(—7)%]d(7,t
1_am/g —(1-7)%d(v.1)
Here d(71,t) = % is referred to as the fractal differential of variable 7 and fractal representation 11,, .
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3 Fractional Order COVID-19 SEIR Model

We consider a novel model of COVID-19 with infectious force in latent period given in [47] having five compartments
such as S(t), E(t), W(t), I(t), and R(t) respectively. We have followings non linear model with fractal fractional operator

FEMpDENS(t) = —BI(t)S(t) + A(1 —m) + koW (¢) — mS(t) — uS(t) (6)
FEMDENE(t) = BI(1)S(t) — k E(t) — €E(t) — WE (1)

FEMDETW (1) = ki E(t) — OW (1) — koW () — uW(z)

FEMDENI(1) = eE(r) — O1(t) — yI(t) — ul(r)

FEMD®TR(t) = OW (t) + O (2) +m(A +S(t)) — uR(t)

with §(0) >0, E(0) >0, W(0) >0, I(0) > 0 ,R(0) > 0 are given initial states. The number of people that are
COVID-19 virus susceptible but have no immunity is denoted by the symbol S(t). E(t) stands for the number of exposed
people who haven’t been quarantined. The number of exposed persons under quarantine is denoted by W(t). It indicates
the number of infected people that show symptoms and are able to spread several retrieved people with positive medical
test results and COVID-19 viral immunity is represented by R(t). Here m stands for the success percentage of vaccination
in those at risk, which indicates the likelihood of developing immunity following vaccination, and § signifies the ratio of
infected persons infecting susceptible ones. the government control rate is represented by kj, ¥ represents the recovery
rate, kp shows the autoimmune virus rate, A represents the rate of community growth, taking into account both foreigners
and new babies, i denotes the natural mortality, and y shows the disease mortality. € stands for the conversion rates from
the exposed, non-quarantined population to the infected population.

3.1 Positiveness and Boundness of Model
Theorem 3.1

In straight-line conditions, the COVID-19 SEIR model suggested solution is distinct and constrained in RS+

Proof
We have got
DFS(t) = A(l —m) +kW(t) >0 (7
D""E(1) = ( )$(1) =0
DE"W (1) = kE(t) > 0
DFI(t) = ( )>0
DYR(t) = OW(t) +01(t) +m(A+S(t)) > 0

If (S(0),E(0),W(0),1(0),R(0))€R>., then the solution cannot escape from hyperplane. The domain R’ is a positivity
invariant set since the vector field on each hyperplane enclosing the non-negative orthant likewise points into it.

3.2 Global derivative effect on model

The Riemann-Stieltjes integral is the more widespread integral for which a specific example is the classical integral, as
has long been known in the literature. The area under the curve of function f(x) is how the geometric meaning of the
traditional Riemann integral is expressed for instance if

x) = /f(x)dx ®)
The function g(x) with respect to the function f has the following Riemann-Stieltjes integral:

) = [ fe)dg(x) ©
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No differential calculus is connected to the more general integral calculus created by the generalized integral operator.
Recently, it was proposed and demonstrated that the Riemann-Stieltjes integral is related to the idea of global
differentiation. Given is a function’s global derivative about another function, g(x):

o L) = fx)

10
gf() haOg(x—I—h) () ( )
Consequently, we have if function is differentiable
f'(x)
Dof(x) = (11)
SO =t

Giving that g'(x) # 0, Vx € I,
In this part, we’ll utilize this idea to examine its potential impact on the exogenous growth model. We will use the
global derivative in place of the conventional derivative to achieve this.

DyS(t) = —BI(t)S(1) + A(1 —m) + kW () —mS(r) — uS(r) (12)
DE(t) = BI(1)S(t) ~ kiE(r) — €E(1) — PE(r)
DW(t) = kiE(t) —OW(t) — koW (1) — uW(t)

Dgl(t) = €E(t) — OI(r) — vI(r) — pi(r)

DgR(t) = OW (1) + O1(t) + m(A+5(t)) — uR(r)

For further solution, consider g is differentiable, then

g=BIt)S(t) + A(1 —m) + kW (t) —mS(t) — uS(t)] = Ji(£,€) (13)
E' = ¢'[BI(t)S(r) —kiE(r) — €E(t) — LE(t)] = J2(1,§)
W' =gk E(t) = OW (1) — koW (1) — uW(1)] = J5(, &)
I' = g'[eE(1) = 0I(t) — yI(1) — ul(1)] = Ja(1,&)
NZgW”Wﬂ+0Nﬂ+mM+SU%#MOH=k0£)

§=S,EW,IR (14)

For g(¢) =t%, a € R, we have particular form under the condition

g’ llo= sup <N (15)
reD)
For unique solution of equation (16), need to verify these two conditions
- J(¢,8,E,W,I,R) < k(1+S|?) |
-VS1,8, we have ||J(t,S1,E,W,I,R) — J(t,S,E,W,[,R)|| < k||S1 — S22

Initially,
V1 (1,8,E,W,LR)|> = |¢'[-BI(1)S(t) + A(1 —m) + koW (1) — mS(1) — uS(2)] > (16)
<21 PII(A( —m)+ kW (1))]* + | (—BI(t) —m — p)S(£)[]
<21 PAL —m)+ kW ()] + (—BI(t) —m— p)*|S(t)]*)
; (=BI(t) —m—u)?|S(r)|?
< 2 PAQ—m) W (O (14 - F G

< k(1415

Under the condition

(=BI(t) —m—p)*S@)>
Al )+sz(t)|

<1 a7
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Where

K1 = 21g'PA(L—m) + koW (1)

22,8, E,W,1LR)|* = |g'[BI(1)S(1) — kiE(t) — €E (1) — 1E(1)]?
< |g'[BI)S(1) + (—ki — &~ WE()]?
< 20g'PIBIO)S@) P + (—ki — & — w)|E(1)[’]

< 20 PIBI)s( R0 + R EWIEO)

IBI(t)S(1)|?
< ka(1+]EP)
Under the condition

(—ki—e—w)E@)P)
BI(1)S(0)I?

Where

<1

ko =2|g'*|BI(1)S(1)|?

3,8, E,W,1R)|> = [g'[k E(t) — OW (1) — koW (1) — uW (1)]|?

<2/g"P([E@) + (=0 —ky — )IW(t)I)

O —ky— p)*W()]?)
k1 E(1)[?

<2l PIEOP(+
< xs3(1+ W)

Under the condition
(=0 —ky—p)?W()]?)
k1 E(1)]?

Where

<1

i = 2/g' Pk E (1))

< 2lg'PleE ()P (1+

[Ja(t,S,E,W.LR)]” = |g'[€E(1) — 01(t) = vI(t ) ul(n)]]?
< 20g'PIeE@) + (=0 —y—mlI(r))
(=9 —y=ml©)])
?

| E(1)
k(14 111%)

Under the condition
(=9 —y—wlI®)P)
€E(1)[?

Where

<1

(18)

19)

(20)

1)

(22)

(23)

(24)

(25)

(26)
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i =2 PeE(r)]?

|J5(t,S,E,W,I,R)|* = |g'[OW (1) 4+ OI(t) + m(A + S(r)) — uR(2)]|?
<20 P[OW (1) + B1(r) + m(A +S(1))|* — [uR(1) ]
<20g'POIW ()] + O1(1)]> + Im(A +S(1)) > — u|R(1) ]
<20 POIW ()P + ()] + Im(A+S(0))
(1— 1IR(@)? )
W (1)|2 + S (1)]> + [m(A +5(2))[?
< ks(1+|R?)

Under the condition

HIR()P?
BIW ()2 + B1(1) >+ [m(A +5(1))

Where

> 1

ks =218/ POW (1) + O1(1)]* + m(A + (1))

27)

(28)

(29)

(30)

Hence it is proved that it is defined for linear growth condition Further, we validate the Lipschitz condition. If

1 (t,81,E.W.IR) — J,(t,5,E.W,IR)|* = |(=BI(t) —m— ) *|(S; — ) [*
< 22B%1(1) [ +2(m+ p)[(S1 = $2)|?

< 4B% sup |[(1)[* +4(m+ p)* sup [(S1 — S2)
teDy teDg

< ABZI()|1Z +40m+ p)?(|(S1 — S2) 12
< &S - S22
Where
K1 =4B>|1(1)||1%+4(m+p)

|J2(t,S,E],W,I,R) 7-]2(t5S7E25W515R)|2

(—ki —&— ) P|(E1 — E2)|?
|(—ki —&—p)|* sup |(E1 — E2)|?
teDg

IN

[(—ki — &= ) *||(E1 — E2) |12
& ||E1 — Ea||2

VARVA

Where
K= (—ki—e— )’

\J5(t,8,E,Wy,I,R) = J5(t,8,E,Wa, L,R)|> = (=0 —ky — )| (W) — W2)?

< (=0 —ky—p)* sup [(W — Wy)|?
teDy

< (=0 —kp—p?[(W - W) |2

< &KW —Whl2

€19

(32)

(33)

(34)

(35)
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Where
Ky =(—0—ky—p)

|J4(tastaWaIlvR) *J4(I,S,E,W712,R)|2 (7197’)/7”)2“[] 712>|2

< (=0—y—p)sup |l — L)
teDy

< (=0—y—p)?|h—b)|2

< &L -b

Where
K= (-0—y—u)>

|‘]5(t557E5W515R1) 7‘]5([755E7W7[7R2)|2 = .LL2|(RI *R2)|2

< p?sup|(Ri —Ry)?
teDy

L2 (R — R)|I2
Ks||R1 — R

Where

= 2
Ks =H

3.3 Reproduction Number and Sensitivity Analysis of system

(36)

(37)

(38)

(39)

(40)

Several secondary cases generated by a solitary diseased person in a susceptible group during the illness are the
fundamental reproduction number. Using the approach of the next-generation operator, we calculate the reproduction

number.
BeSo
Ry =
Mtk +e)(u+d+7)

For sensitivity analysis by using reproductive number, we have

8R0 . EAY

ap  (U+ki+e)(u+d+7y) >0

IRy
e "

% _ (BeSo)2u+e+3+y+ki) <0
ou (utk+e)(u+9+7)?
%—_ BESO <0
ok (u+ki+e)(u+v+y)

R _ (Beso) o
20 (U+k+€)(u+ D +7)?

IRy _ (B&So) <0

oy (L+k+&)(u+0+7)?

Here, we observe that,  is expanding while u,k;, % and 7y are contracting and € = 0.

(41)

(42)

(43)

(44)

(45)

(46)

(47)
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3.4 Equilibrium Points Analysis

The two distinct kinds of equilibrium points are disease-present equilibrium points and complaint-free equilibrium points.
To discover them, the right-hand sides of the system’s equations are set to zero.

Theorem 3.2

If Ry > 1, then the proposed model has Py(0,0,Sp,0) and virus existing steady states P*(E*,I*,S*,W*). Otherwise, there

is only virus free steady state Py(0,0,Sy,0) with Sy = Afan*;") So,
Be
gt ©01@6(1—Ro)
Be(kiky — o1 @3)
we =K
3
()]
Where
=tk +e (49)
W =pU+0+Y
03 =p+0+k
0=m+pu
Theorem 3.2

Let IT : [0,T] x B — R be a continuous function. The system having at least one solution is conditioned in [48].

Proof:

First of all considering the equation (??) is completely continuous which describe with operator X. Since A and X are
continuous operators.
Suppose that H = {IT € B : || IT|| < R,R > 0}. For some II € B, we have

a-1(1 _ t
X} (IT)(1)] [rer[l&);]m(ow%mzx(t,n(t))ﬂ%/o 2 — )AL TT())dT). (50
a—1 _ t
gH(O)—F%(CAHHMrMA)—F n?g%ﬁ/o (0 — D) A, T1(1)d . s1)
'(1-a) an i
SH(O)‘FT(CAHHH+MA)+W(CA||HH+MA)T 1 H(a,m). (52)
<R (53)

Therefore, we get

() (12) — (D) (01)| = max | 2=

reo1]  AB(@) A(tz’n(tz))+L/O[tail(I_T)afl/\(lz,n(tz))dr

AB(a)T (@) (54)
a—-1¢(1 _ !
B AT gt [ 9 A G s
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a—1(1 _
—W(CAHI—”+MA)+W(CA|HH+MA)T“+"lH(a,n) -
oa—1¢1 _
W@AHHHMMﬁ(@ﬂnumﬁwnlma,m.

(04
When t; — #, then | X (IT)(t2) — X(IT)(#1)| — 0. || X(IT)(t2) — X(IT)(t1)|| — 0 as t; — tp. Thus, X is equicontinuous.

Then, by Schauders fixed point result its hold the condition.

3.5 Local stability Analysis

It is commonly known that whether a disease will disappear or remain in the population depends on the fundamental
reproductive number. Recall that the sickness will eventually disappear when Ry < 1. (no epidemic). In the meanwhile,
the sickness will spread rapidly if Ry > 1. Additionally, the value of Ry shows how infectious the illness is. The stability
of the steady states connected to the fractional model will then be examined. Two theorems are stated for this goal [49].

Theorem 3.4

If Ry < 1 then the virus-free steady state is locally stable

Proof
The linearized system according to Py(0,0,Sp,0) is given by
—-Ty BSy 0 O
_ ) -1 0 0
FB)=1 0 _Bsy—-0 k

ky 0 0 -7
The characteristic equation of F(Py) is given as

fA)=(A+T)A+D)A+T3)(A+0)—BSoe(A+0)(A+T3)=0 (56)
Which leads to

(lﬁLT[)(kJrTz)fﬁSoE:O (57)

It can appear that all roots have true negative components. Therefore, Py(0,0,S0,0) of the system is locally
asymptotically stable.

Theorem 3.5

If Ry > 1 then the virus existing steady state is locally stable

Proof

The Jacobian matrix of the given model according to P*(S*,E*,W* I*) is given by
-1, BSs* pr 0

€ -1 0 0

0 —BS"—BI'—06 ky

kp 0 0 —T;
The characteristic equation of F(P*) is given as

F(P*) =

fA=A+N)A+T)A+DB)A+—-BI'+0)—BS€(A+0)A+T3) —kikofIF(A+T2) =0 (58)

It can appear that all roots have true negative components. As a result, the model’s P x (S*,E*,W*,I*) is locally
asymptotically stable.
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3.6 Global Stablity Analysis

The Lyapunov method and LaSalle’s invariance principle are used to illustrate the global stability analysis, which identifies
the prerequisites for disease eradication.

3.6.1 Lyapunov’s First Derivative

Where V < 0, the endemic equilibrium for the endemic Lyapunov function is (S,E,W,I,R).

Theorem 3.6

When the reproductive number R > 1, the virus existing steady state of this model is globally asymptotically stable.

Proof
Considering Lyapunov function, we have

* * *

S E 114
V=Ki(S—8" =S In) + Ko(E B~ E'In—) + Ky(W = W* = W'ln-;

r R
+ Ky(I' = I' = I'ln) + Ks(R—R* = R'In—)

)

Where, K;,i =1,2,3,4,5 are all positive constants that can be chosen later. By substituting the above equation into the
system we get

S* E* w*
ED1v < K= SEis Kot S £ K1) (59
I* R*
RS R L RS SRS LT

EPMDIV < Ky (1= ) (~BI)S() + A( —m) + kW (1)~ mS(0) ~ (o)) + Kol1 — =)

(BI0)S(1) — kiE(r) — eE(r) — WE(0) + K5(1 —

Yk E(t) — OW(t) — koW ()

— W)+ Kol — ) (EE (1) — 91(0) ~ 7I(e) — mIO) + Ks(1 )
(SW (1) + O1(r) + m(A +S(1)) — LR(1))

After the computations and by setting K; = K> = K3 = K4 = K5 = 1, we obtain

S—S*
FFM
oMbV < (T

J=BU=T)(S=S8)+A(1—m)+ky(W—=W") —m(S—S") — u(S - 57))

+ (E;E*)(B(Iil*)(sfs*)*kl(E*E*)*&‘(EfE*)—M(EfE*))Jr(W;VW*)

(ko (E—E*) — 9 —W*) —ka(W —W*) — (W —w*)) + (1) (e — %)

1
B ow w00 -17)

— (=) =y 1) —p(I =1")) +(

+ m(A+(S—S5"))—u(R—R"))
<0

where gFMD,nV <0for Ry > 1, and gFMDth =0onlyif S=8*E=E* W =W* I=1TI" Therefore, it is concluded that the given
system is globally asymptotically stable.
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3.6.2 Second derivative of Lyapunov

FFMDT]S FFMDWE FFMDT]W FFMDT]]
FFMD"]V ( 5 )ZS*+(O El‘ )ZE*+(O Wl )ZW*+(O - t )2]*+(0 Rl )ZR*
St FEM E* \rrmpn W™ FEMiyn I repipyn R FEmpyn
+ (1= )FMDIS + (1= S PYDIE + (1 SEMDIW 4+ (1 — T)EPMDI L+ (1 )M D]R
Here
EPMDIS() = ~BI)§ T DIS() —m™MD]S() - wf DTS 1)
EPMDIE() = k™MD E() — el ™M D]E() — uf T DPE()
EPMDIW () = 05 DIW (1) kol Y DIW (1) - DI W (1)
EPMDII) = oF ™M D) — D) — YD)
FFMDIR(t) = —ub "™ D]R(r)
Then
FFM N FFM N FFM N FFM N FFM N
. D,'S D/E D/'W D/'1 D,'R
gFMD?V — (0 St )ZS*+(O Et )ZE*+( Wt )ZW*+(0 ; t )21*+(0 Rt )ZR*
E*
(1= S B DDs — DS~ D]S) +(1 - £ )TV E) —ef D] 2

w* I
~ WEPDPE) + (1= O DI ko TDIW W) + (1= 05D

%
— yEFMpI L uEFMDIT) 4 (1 — R )( ubFMpIR)

Now let us consider that
FFM N FFM N FFM N
D's ,.. FFMDIE D'w

A(S,E,W,I,R)z(oTt) (T)zE*Jr(Oi

Then

FFMD]V = A(S,E,W,1,R)+(1— —)( BIG M DNS —mG™M DS — g ™M DRS) + (1- )
(g 5*MDIE — el ™MD E — ubTMDIE) + (1 - v‘;// V(IS DIW — knEFMDIW

*

I R
— W§MD]IW) + (1= ) (OF M D]~ 5 DI D) + (1 - )~ M DIR)

After replacing the values of the first derivatives we get
Which can be written as

FEMDIV = o1+

£ : Contain all positive values
§ : Contain all negative values
It can be seen that

-If g1 > 2 then gFMD?V >0
-If g1 < g2 then [FMD]'V < 0
-If If o = @ then § ™MDV =0

(60)

(61)
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4 Computational Analysis with Fractal Fractional Operator

In this part, the suggested mathematical COVID-19 SEIR model is applied to the new differential and integral operators. Here, the

operator with the Mittag-Leffler Kernel [50] will take the place of the conventional differential operator. The version with flexible order
will also be used.

Since (7) we get

6FMDENS(1) = 81 (1,€) (62)
CFMDIE(r) = Eq(1,€)
SEMDETW (1) = W (1,€)

0MDEM (1) = 1 (1,8)

(63)
(64)

(65)
6"MDIR(1) = R (1,8)
By using Mittag-Leffler kernel we get,

(66)

Slt5:1) = So-+ 35t 51 t5:S(t5) E(t5). W(1s).1(15). Rlts)
Sty
+nY /t Si(t, €)Mt —1)* ldt

u=2""mu

AlBi(:xx)téiﬁEl (t5,S(ts),E(ts),W(ts),1(t5),R(t5))

E([5+1) :E0+

7
+h Z /“ E)t' Mgy —1)% lde
t

W(ts41) =Wo+ ;B_( a)t;fﬁWl (ts5,S(ts),E(t5), W (15),1(ts),R(t5))

+h2/t“+ Wi (7, )t (15, — )% ldt

1—

igr) =lo-+ peosty Pi(15,805), E15).W 15),115). R(15))

1,
+nY /W L(1,8) 15, —1)% ldt
tmu

Rlts1) = Ro-+ 35ty PR(5.5().E015).W 15).105).R(5))

L1 o _
+h Z/ Ri(7, &)t Mt —1)% ldt
Where £ =S, E,W,I,R and h = W, we get,

o(Ar)H
AB(a)['(a+1) 7

—x - 5 6 w8 18 pd
= B’ N8y (t5,8°,E° WO I° R%) +

o(Ar)?
AB(a)[(a +2)

Yy [1,11:11751(6)*1,]1:1751(9)] x P

1181(0) x W +

)
Y [ty S (1, M ER WH IR RH) fzrflj’,'s] (¥)

2AB(a)I"(a+3) =

L 381(0)] % ¢

© 2025 NSP
Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

220 N S e M. Farman et al. : Study of COVID-19 ...

o(Ar)H
AB(a)[ (ot +1)

l—a ;_
ESH! = tLE, (15,55 ES W 1% R%) + (68)

AB(a) 9
) _ A o
Z tligEl(@)X'P'f‘%

a(An)k

AB(a)[ (o + 1) ©9)

I-—o |-
WO = sty W5, 8%, B0 WO R%) +
o(Ar)®
AB(a)I (0 12)

S
Y [t W (1, SHLER WH IR RMY —2z;:’}wl (®)
p=2

a(Ank

l—o _
J o ——  § AP SCIR 1 CH LY -l I Il e —
s Ns,STET WO, )+AB(a)F(a+1)

AB() (70)
o(Ar)®

AB(a)I'(a+2)

[
1-n Lopl R g ph 1-n
t, L(ty,S",EY WH IR RP) =2t L(O
2AB(O{)F(C{+3) ygz[# l(l»h 5 5 PR ) u—1 1( )

o(Ar)H

AB(a)(a+1) D

—a -
R3+1 = ﬁté an(167Ss7E37W37137R5)+

o(Ar)®
AB(a)I'(a+2)

W= (5 gt D)~ (5 m)° (72)
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O =ty o, SH2EFTE WHZ FT2 RI2 (73)
U=ty S+ g1 it el ge] (74)
= [(67u+ 1)%(8 - +3+2a) — (8 fu)a(67u+3+3a)] (75)

= [(5 — 1) <2(6 )+ (Ba+10)(8 — ) +20% + 90+ 12) (76)

,(5,u)a(2(5,u)2+(5a+ 10)(8 — ) + 602 + 18a + 12)]

5 Results and Discussion

The simulation of the taken into-consideration version is depicted inside the figures in this phase the usage of the values of the simple
parameters from the simulations of the different classes of COVID-19 SEWIR model with FFM operator are demonstrated in the
following Figures for distinct values of fractional order alpha. We consider FFM for the COVID-19 model by using parametric values
of o and 1. In this part, we talk about numerically simulating the proposed plan for the COVID-19 model using a fractal fractional
technique. An analysis of the disease transmission using simulations is given using the COVID-19 SEWIR fractional order model. For
this reason, we utilized the COVID-19 model’s fractal-fractional derivative in conjunction with the Mittag-Leffler equation with the
given beginning circumstances. A nonlinear system’s results are found using fractional values.

In figs 1-5 we compare the results of the compartments in Case 1 and Case 2. In Case 1, we take m = 0.35 and k1 = 0.3. Then, Ry =
8.1769 > 1 and P*(E*,I*,S*,W*) = (7.2730,6.1898,2.7730,2.4516). In a similar manner, the population size under the circumstance
Ry > 1 is also simulated. The relative outcomes are shown. In Case 2, we take m = 0.8 and k; = 0.6. Then, Ry = 0.9802 < 1 and
Py(0,0,50,0) = (0,0,3.4091,0). Then, under the assumption that Ry < 1, we model changes in the numbers of these four populations.
Conclusion: A shorter length of the epidemic is caused by a drop in the starting value of vulnerable people at the start of the outbreak.
While this is happening, a lower level is reached by the peak of verified cases very immediately. Although around 20 days later than
in Case 2, the number of the four communities in Case 1 begins to stabilize about day 160. The pandemic will continue in Case 1
since neither the exposure nor the afflicted communities can completely vanish. But as seen in Case 1, once the four communities
have stabilized, the whole community will be made up of the vaccinated susceptible and recovered community. This goal for epidemic
control is of top importance. Similar amounts of time are used by the exposed and infected communities in Cases 1 and 2, although
Case 1’s peak is greater. Therefore, we may conclude from these results that both government engagement and vaccination have an
effect on the dynamics of the epidemic. The results of the research above indicate that m and k; both contribute to the prevention and
management of the pandemic. As a result, we will particularly research how well m and k; work to regulate COVID-19. The starting
point is (120, 0, 15, 1, 0). We will note changes in the populations exposed to the quarantined virus W(t) and I(t), respectively. Fractional
order derivations, which might be the most outstanding and dependable compared to classical order, were greater efficient in explaining
bodily approaches. In contrast, those operators are extra worthwhile than current non-integer order fashions. The supplied numerical
results represent the conduct of the dynamics that may be observed within the one-of-a-kind fractal orders.

6 Conclusion

Mathematical modeling plays a crucial role in manipulating, preparing for, and navigating the terrible impacts of infectious illnesses
on society via historical decline. The outcome of the fractional order version has a memory impact on the fashionable version, in
contrast to the classical version. Critiques of the suggested strategy that are both qualitative and quantitative are also explored. The
analysis of the fractal fractional operators is further explored in great depth. Additionally, utilizing the Mittag-Leffler Kernel, we
developed a numerical simulation of a kind of fractional differential equations. We utilized Matlab to simulate the consequences for
extremely high fractional order and fractal size values. We’ve seen that the ground-breaking operator yields excellent results even
when used in the mathematical modeling of the COVID-19 SEWIR model. The figures show that changing the fractal order has an
impact on how the recommended model behaves. The illustrations show how fractal and fractional orders interact. We discover that
the suggested model is effectively useable as a modeling tool and also offers insight into the dynamics of disturbances thanks to the
graphical impact. The fractional order analyzes the frame in which the diseased character is comprised of diseases from the beginning
to the conclusion, as opposed to the non-integer order derivation, which analyzes the illness in one section unambiguously. It makes it
easier to study the entire behavior of COVID-19 use from beginning to end. The results of this study can help by giving information to
policy-makers and public health professionals so that they can stop the spread of COVID-19.
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