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Abstract

The aim of this paper is to study the dynamics of Dengue disease model using a novel piecewise
derivative approach in the sense of singular and non-singular kernels. The singular kernel opera-
tor is in the sense of Caputo, whereas the non-singular kernel operator is the Atangana—Baleanu
Caputo operator. The existence and uniqueness of a solution with piecewise derivative are exam-
ined for the aforementioned problem. The suggested problem’s approximate solution was found
using the piecewise numerical iterative Newton polynomial approach. In terms of singular and
non-singular kernels, a numerical scheme for piecewise derivatives has been established. The
numerical simulation for the piecewise derivable problem under consideration is drawn using
data for various fractional orders. This work makes the idea of piecewise derivatives and the
dynamics of the crossover problem clearer.

Keywords: Dengue Disease; Piecewise Derivative; Caputo Operator; Atangana-Baleanu

Operator.

1. INTRODUCTION

In the second part of the 20th century, medi-
cal research succeeded in terms of immunization,
antibiotics, and improved living circumstances led
to the expectation that infectious illnesses would be
eradicated. As a result, in industrialized countries,
efforts have been focused on diseases such as can-
cer. Infectious illnesses, however, continue to cause
pain and death in underdeveloped nations around
the turn of the century. Malaria, yellow fever, AIDS,
Ebola, and other diseases will live on in the collec-
tive memory of mankind.

Among these diseases, Dengue fever, the most
prevalent in Southeast Asia, is spreading across
the globe, affecting nations with tropical and warm
climates. It is spread to humans by the Aedes
mosquito, and there are two types of dengue
fever: basic dengue and Dengue Haemorrhagic Fever
(DHF), which can progress to an extreme condition
called Dengue Shock Syndrome (DSS). The fact
that dengue is caused by four different serotypes
classified as DEN1, DEN2, DEN3, and DEN4 which
is a serious issue. A person who has been attacked
by one of the four serotypes will never be infected
by that serotype again (homologous immunity), but
he will lose resistance to the other three serotypes in
around 12 weeks (heterologous immunity), making
him more susceptible to dengue haemorrhagic fever.

Dengue (Breakbone) fever is a mosquito-borne
viral infection that has been rapidly spreading
over the world. Dengue virus is the name given
to the virus that causes dengue fever (DENV).
A severe case of dengue causes significant sick-
ness and death, although many cases of DENV
generate relatively minor symptoms. Dengue fever

has been linked to variety of symptoms. If a per-
son has a high fever (40°C/104°F) and two of
the symptoms/indications (severe headache, dis-
comfort behind the eyes, muscle and joint aches,
nausea, vomiting, swollen glands, and rash) dur-
ing the febrile phase, dengue may be considered.
For the time being, we must combat the illness
by limiting vector transmission™ It is important
to remember that this break bone fever is caused
by a virus, with transmission occurring through
the bite of female mosquitoes. In particular, Aedes
albopictus and Aedes aegypti® The broadcast has
taken place when an infected human comes into
contact with mosquitoes and becomes infected, the
mosquito bites the sick person, infecting them and
keeping them infected until death. In contrast to
mosquitoes, infected people heal from their infec-
tions within a short period of time, and these healed
people are unable to transfer the virus again to
mosquitoes, allowing them to keep their immunity
against transmission.

Furthermore, environmental degradation, cli-
mate changes, filthy habitat, poverty, and uncon-
trolled urbanization are all favorable conditions for
the spread of infectious diseases in general, and
dengue fever in particular. The global frequency
of dengue fever has risen considerably in recent
decades. The illness has already spread to over 100
African and Latin American countries. The virus is
wreaking havoc on Southeast Asia and the Western
Pacific.

During dengue fever outbreaks, the infection rate
among susceptibles is usually between 40% and
50%, but it can reach 80-90% under favorable
geographic and environmental circumstances. Each
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year, around 500, 000 cases of dengue hemorrhagic
fever necessitate hospitalization.

Dengue fever is a wviral illness spread by
mosquitoes of the genus Aedes. It is caused by the
contact of susceptible people with any of the four
serotypes. Aedes aegypti and Aedes albopictus are
the two species of vectors that transmit dengue
fever. The first is extremely anthropophilic, thriving
in densely populated places and biting largely dur-
ing the day, whilst the second is less anthropophilic
and prefers to live in rural settings. As a result,
dengue is important in two ways: (i) Even in the
absence of deadly forms, the illness causes enormous
economic and social costs due to its global dissem-
ination and various serotypes (absenteeism, immo-
bilization debilitation, medication). (ii) The danger
of the disease evolving into a hemorrhagic form and
dengue shock syndrome, both of which have large
economic implications and can cause death.

Mathematical modeling has shown to be a use-
ful approach for gaining a better understanding of
certain diseases and developing treatment plans.
The model’s formulation and the feasibility of a
simulation with parameter estimates enable sen-
sitivity testing and conjuncture compaurisons.ISI In
case of dengue fever, the mathematical models
we identified in the literature for dengue illness
offer compartmental dynamics with Susceptible,
Exposed, Infectious, and Removed compartments
(immunized). SEIRS models? and™¥ with only one
virus or two viruses working concurrently were
examined in particular.

Fractional differential equations are naturally
connected to memory storage in a variety of bio-
logical systems™213 In the characterization of ill-
nesses, memory effects played a key partI If the
memory effect was present in the previous episodes,
it will have an impact on future illness descrip-
tions. The history of illness description is shown by
the distance of memory effects. As a result, frac-
tional derivatives can be used to examine such mem-
ory effects on the contagious fatal illnessT518 n
Ref.[19], the authors introduced a newly established
fractional-order dengue mathematical model that is
more reliable than the previous models. They stud-
ied the dynamical behavior and described the solu-
tion to the fractional dengue epidemic model ().

A Numerical Study on the Dynamics of Dengue Disease Model

00Dy (I (t)

. _79181{ (t)IH(t) + ﬁQSH(t)IH (t)
- A
— (vo + v2 + B1)Iu(t),
0"CDf (Ru(t)) = Silu(t) — voRu(),

SBCD7 (Spm(t))

o W — 11 Sm(t),
ABCDI (T (1))

_ 1935/\4[(\21/"‘ (t) — 1 Zm(t),

0<o<1, tel0,T].

(1)

Different operators, such as fractal derivative, non-
integer order derivative with kernel of singular-
ity and non-singularity, fractal-fractional operator,
and other derivative operators, have been presented
for the study of crossover issues224 Although
the incorporation of randomness in the form of a
stochastic equation results in more realistic results,
the crossover dynamics remain unsolved. Many
infectious disease models, heat movement, fluid
flow, and many complicated advection issues all
have this trait2¥26 The exponential and Mittag-
Leffler mappings in fractional calculus are unable
to determine the timing of crossovers. As a result,
one of the novel approaches of piecewise differenti-
ation and integration has been developed in Ref.
to address such difficulties. They discussed the clas-
sical and global piecewise derivatives, as well as sev-
eral applicable examples.

In this study, we reinterpret the model () for
qualitative analysis as well as numerical iterative
analysis in the sense of Caputo and Atangana—
Baleanu piecewise derivative. The rest of this work
is arranged as follows. The preliminaries are cov-
ered in Sec. @ while the existence results are pre-
sented in Sec. Bl Section M presents the model anal-
ysis with the numerical approaches while simula-
tions and discussion of the model are presented in

SBC DI (S (t)) Sec. Bl Section [B] concludes with a few concluding
observations.
—B- 18u(t)ln(t) —;ﬂZSH(t)IH(t) — uoSu(b), Equation () can be written in piecewise deriva-
A tive in sense of singular and non-singular kernel as
2240260-3
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follows:
6P D7 (Su(t))

¥1Sy (t)IH (t) + ﬁQSH(t)IH (t)

—B— N

—voSu(t),
6 AP D7 (1u(t))
~ 0iSu(®)Ta(t) + 92Su(t)lu(t)
= G
— (v +v2 + B1)Iu(t),
62Dy (Ru (1) = Bilu(t) — voRu(?),

gABCDtU(SM(t)) =~ — %}?IH@) —11Sm(t),
§ABCDI(Tam(t)) = —1935%2),% Oz,

I(0) = Iyp > 0,
SM(O) = SMO 2 Oa
tel0,7]. (2)

Ru(0) = Ruo > 0,

Im(0) =Zpmo >0, 0<o <1,

In detail, we can write Eq. [2]) as
GARC DI(84(1))

 [§D7(Su(t) =C Fi(Su,1),
| 4BCD7(Su(t)) ="BC Fy(Su.t),

62Dy (In(t)

| §Dg (1) =C Fa(lm, t),
| 8BCDy (I (t) =ABC Fo(ln, b),

6P D7 (Ru (1))

o ng(RH(t)) =C f3(RHat)a
- éBCDg(RH(t)) =ABC f3(RHat)a

62D (Sm())

D7 (Sm(t) =€ Fa(Sm,t),
L ABCD7(Sum(t) =MBC Fi(Su,t),

§PCD7 (Zm(1))

D7 @m(t) =€ F5(Tm, 1),
L 8BCD7 (T (L) =ABC F(Tu,t),

where § DY and § D{ are Caputo and ABC deriva-
tives, respectively.

2. PRELIMINARIES

In this section, we will give some preliminary defi-
nition of Caputo and ABC fractional derivative and
integrals.

Definition 1. The ABC derivative of a function
U(t) under the condition U(t) € H!(0,7) is defined
as follows:

A7 U(e) = e [ LUOE,

x[ — (t—o“}dc. (4)

1—0

Replace E,[7Z(t — ()¢] by E1 = exp[=Z(t — ()],
in (@), to get the Caputo—Fabrizio differential oper-
ator. Next, it is notified that
ABC) D7 [constant] = 0.

Here, ABC(p) is called normalization operator
which is formulated as ABC(0) = ABC(1) = 1.
Also E, represents the special function known as
Mittag-Leffler function, which is the generalization
of the exponential function.

Definition 2. Let U(t) € L[0,7T], then the frac-
tional integral in ABC sense as

Prortu() = A;EJ((;) v+ ABC(UJ)F(J)

< [u-ortvie )

Definition 3. Consider U(t), for the definition of
arbitrary order derivative in Caputo sense with
respect to t as

1 t

C no n—o—1yy7/

DIU(t) = — t— dc.
§7U() = =y | (= O Onac
Definition 4. Consider U(t) for the definition
Caputo integration with respect to ¢ as

(3) Cro 1t o
0 FU{) == [ (t=¢)77d¢, o>0,
with I'(o) Jo
0<t<t;y, t1<t<T, having converging integral.
2240260-4
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Definition 5. Consider U (t) differentiable and g(t)
is increasing function then for the definition of clas-
sical piecewise derivativeé?? as

Ut), 0<t<t,
PG _ /
o DU(t) = U'(t)
g’
where {¢D,U(t) is for classical derivative for 0 <
t < t; and global derivative for t; <t <T.

t1<t§T,

Definition 6. Consider U (t) differentiable and g(t)
is increasing function then for the definition of clas-
sical piecewise integrationlz' as

t
/ U(r)dr, 0<t<t,
0
0CLU(t) = .
U(r)d (r)d(r), t1 <t<T,
t1
where JCLU(t) is for classical integration for 0 <

t < t1 and global integration for t; <t <T.

Definition 7. Consider U(t) differentiable then for
the definition of classical and fractional piecewise
derivativé?? as

PCDO’U( ) {

where I DgU(t) is classical derivative for 0 < ¢ <
t1 and fractional derivative for t1 <t < T

U'(t), 0<t<ty,
§DIU®), t1<t<T,

Definition 8. Consider U(t) differentiable then for
the definition of classical and fractional piecewise
integration?? as

(ot
/ U(r)dr, 0<t<ty,
0
pPC _ t
0 ItU(t) - L (t _ C)U_l
Lo /i,
xU(Q)d(), t<t<T,

where FCLU(t) is for classical integration for 0 <
t < t; and Caputo integration for ¢; <t <T.

Definition 9. Consider U (t) differentiable then for
the definition of Caputo and ABC fractional piece-
wise derivativé?l as

C
POABC Doty (1) — o D7U),  0<t<t,
0POD7U(t), t<t<T,
where FCABCDIU(t) is Caputo derivative for 0 <

t < t; and fractional ABC derivative fort; <t <T.

A Numerical Study on the Dynamics of Dengue Disease Model

Definition 10. Consider U(t) differentiable then

for the definition of fractional Caputo and fractional

ABC piecewise integration? as

OPCABCItU (t)

(1 ! _ ~o—1
ey 9
x U(¢)d(¢),

1—0
_ W(U)U(t)

T ABC(O)T(0)

\/t(t_c)U—lU(C)d(C), t<t<T,

t1

0<t<ty,

where FCABCLU(t) is for Caputo singular kernel
integration for 0 < ¢t < t; and ABC integration for
ti<t<T.
Lemma 11. The solution of piecewise derivable
equation 18

POABCDIRy(t) = H(t,Ru(t)), 0<o<1
8
l:{HO‘i‘ / H C,RH
><(t— e, 0<t<t,
1—0
B RH(tl) + mH(t, RH(t))
Ru(t) = >
* ABCoT (o)
t
[ =0 HGRa(@)acc)
tr<t<T

3. QUALITATIVE ANALYSIS

In this section, we find the existence as well as the
uniqueness of the proposed model (@) in piecewise
concept. Now we will find the existence of solution
along with unique solution property of the consid-
ered piecewise derivable function. For this we can
write the system (B]) as given in Lemma [[I] and by
further description we write as follows:

FOARC D7)

= F(t.Z(t)), 0<o<1

2240260-5
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is

1 t
+m/of(ﬂ,z

(t — p, )M’_ldlu,, 0<t<t,
1-—
Z(t) + = F(t,4(t))
2(t) = ABC(ﬁ %) ©)

T ABC(O)T(0)

/ (t — ) F(u, Z(p, ) dp,

t1

t<t<T,
where
(Su(t), ( Sho,
I (t), Ino,
Z(t) = ¢ Ru(t), Zo= { Ruo,
Sm(t), Smo,
Zm(t), Zmos
(7)
Su(t1),
L (1),
Z(t1) = § Ru(tr),
Sm(th),
Zp(tr),
F(t,7(t

Cfl(SHaIHaRH7SMaIM7 )
ABcfl(SHyIH7RH7SM7IM7 ) 7
CfQ(SHaIHaRHv‘SMaIMa )

(

To obtain our result, we suppose growth condition
on a nonlinear operator as follows:

(C1) 3Lz > 0;VF, Z € E we have

(C2) 3Cr > 0& Mg > 0,
|F(t,Z(t)| < Cr|Z| + M.

If F be piecewise continuous on sub-interval 0 <
t <ty and t; <t <T on |0,T], also obeying (C2),
then piecewise problem (B]) has > 1 solution on each
sub-interval.

Proof. Let us define a closed subset in both subin-
tervals of 0,7 as B and E as E using the Schauder
fixed-point theorem.

B={Zc E:|Z|]| < Ri2,R > 0}.

Next consider an operator 7 : B — B and applying
@) as
¢ t1
Zo+ —
I'(o) Jo
0<t< t1,
—P
Z(t
1)+ XBcy)

.
TABC(HT ()

/ (t— ) F (g, Z() (1),

t1

Fp, U())(t — p)*

F(t,Z(t))

)
Fi- {
ABCFZ SHlevRHv‘SMvIMv ) (9)
=< F3= “F5(Su, T, Rat, S, Taas 1) On any Z € B, we get
ABCF3(SH7:[H7RH78M7:Z-M7 )
4 1 t1
f4 Cf4(SH,IH,RH,SM,IM, ) ‘ZO‘ + m/ (t - /J')o-il
ABCF4(SH7:[H7RH78M7:Z-M7 ) 7 |f( Z(O ))‘d
X My L) )G,
f. Cff)(SHaIHaRHvSMaIM’t) 1
5= _
ABCf5(SH7IH,RH,SM,IM,t). ‘Z(tl)‘ + W(G)
®) 1T@@)] < 7
x |F(t, Z(t))|
We take 0 < ¢t < T < oo with a Banach space ‘
defined as By = C[0,T] with a norm ABC /
ty
1Z]] WE}%‘Z( |- | X | F(uZ(p ))\d(,u),
2240260-6
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( 1 2 o Next ([I0)), we obtain ¢; — t;, then
Bl + 5557 |, (=012 J
0 |T(Z)(t;) —T(Z)(t;)] — 0, ast; —t;.
+ Mrldp, So T is equicontinuous in [0,¢1] interval. Next we
1—0 consider other interval t;,t; € [t1,T] in the ABC
< ’Z(tl)"" ABC( ) sense as
g 1 T(2)(t5) = T(2)(t)]
7|+ M _— J
T R o F (6 2(0) +
= | F(4, (1) + s
t B ABC(o ’ ABC(o)I'(o
< [ (= et ez + M), o e
t1 J
- <[t = w7 200
Zo| + =——=1Cu|U !
CMA=R. 0<t<h, ABC(e)” A RBe (o)
t;
< |Zity)|+ Cr|Z| + M. X/ ti — ) Y F(w, Z(p du‘
< 3 12| + g7 CFI2 + 117 [t F i)
o(T —T)° o /ti o1
B S A < - o
ABC(o)l'o + 1[C}—|Z‘ ~ ABC(0)I'(0) Jy [t = 1)
Rl, 0<t§t1, g /tj o—1
< eyl ICR
B {Rg, o <t<T. ABC(0)I'(0) Ji,
From the above equation, as Z € B. Thus, 7(B) C X<\ (s Z(1))
B. Hence, it proves that 7 is close and complete. o ti 1
< s5cr | [ 6w
ABC(o)I'(0) |/,

Further to show the complete continuity we can
write as we take t; < t; € [0,t1] as first interval

in Caputo sense, consider

1T (2)(t;) = T(Z)(t:)]

(t; — )7 Fp, Z(w))dp,

% F (1, 2{2) |
1 i o—1 _
<o [ /0 (t— )

[a- W7 ] (Cal2] + M)

t;
(CrZ + My)
I'(o+1)

_l’_

[t7 —t7 +2(t; — t;)°].

(tj — )7 dp

tj

~ (=) Nau+ [

ti

(t; - u)"—ldu}

X (Crl|Z| + M)

o(CrZ + My) 19
= ABC(o)T(o + 1)

Next as (I0), we obtain t; — t;, then

T (2)(t;) = T(Z)(t:)] — O,

So 7 shows the equicontinuity in [t;,7] interval.
Therefore, 7 is equicontinuous mapping. The oper-
ator 7 is completely continuous, uniformly contin-
uous, and has bounds, according to the Arzel’a—
Ascoli theorem. As a result, the piecewise derivable
problem (3]) has a > 1 solution on each sub-interval,
according to Schauder’s fixed-point Theorem. O

— 17+ 2(t; — 1))

as t; — t;.

With (C1), the proposed model has unique root
if 7 be a contraction operator.

Proof. As we have taken an operator 7 : B — B
piecewise continuous, take Z and Z € B on [0,¢1] in

2240260-7
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Caputo sense as

T(Z) - T(Z)| =
17(2) = T@)l = max,

L ! _ o—1
r(a)/o(t 1t)

x F(p, Z(p))dp — m

< [ = w0 20
< 7TU
“T(o+1)
From (I0), we have

Lelz -2 (10)

_ TC

TZ) -T2 < =——
IT2) - T@ < 5, 13
So 7T is contracted. Therefore, finally in sense of
Banach contraction theorem, the considered prob-
lem has unique solution in given sub-interval. Next
for the other interval ¢ € [t1, 7] in the sense of ABC
derivative as

Lr||Z—Z||. (11)

_ 1—0o _
17(2) =T (2)] < mLfHZ -2
o(T—-T7) -
ABC(0)[(o + 1)Lf”z —Z
(12)
17(Z) - T(Z)]|
l—0o o(T —T)°
= L7 | XB¢(0) T ABCOT o £ 1)
x |Z 7| (13)

Therefore, 7 is contracted. Therefore, finally in
sense of Banach contraction theorem, the consid-
ered problem has unique solution in given sub-
interval. So by Eqs. (I0) and (I3]), the piecewise
derivable problem has unique solution on each sub-
intervals. O

4. NUMERICAL SCHEME FOR
PIECEWISE DENGUE 5D
DYNAMICAL MODEL WITH
FRACTIONAL ORDER

Next we will establish a numerical scheme for the
proposed piecewise differentiable problem ([B). We
will develop a numerical scheme for the two sub-
interval of [0,7], in Caputo and ABC' sense. We
will take help from the piecewise derivative inte-
ger order numerical scheme as in Ref. We apply

the piecewise integration to Eq. ([B]) for Caputo and
ABC format as follows:

L n —r o—1lc
), ¢

X fl (t, SH)dT,
l1—0
Su(t1) + AB(0)

X fl(ty SH7IHa RHaSM7IM)

SH(O) +

Su(t) =

g

! —r o—1
BT )
X fl(t, SH)dT

I (0) + %{I)/Ol(t—f)“—lc

X fg(t, IH)dT,

Tn(t) + jB;(UG)

X f?(ty SH7IHa RHaSM7IM)

g ! _7_071
+ ABTE )

X fg(t, IH)dT

Iy(t) =

(RH(O)-f-ﬁ/Ol(t—T)U_lc

x F3(t, Su, In, R, Sm, Zam)
o

! o—1
T, 7

X fg(t,RH)dT
4 1 t1 1
Sm(0) + —/ t—7)7 ¢
M)+ g [ (=)
X f4(t78./\/1)d7—7

SM(tl) + jB;(UJ)

x Fu(t, S, In, R, Sm, Zm)

g

! — T o—1
+ B J, 07
X F4(t,SM)dT

2240260-8
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X F5(ta IM)dTy

1—0
Imt) + 557
Tpm(t) = AB(0)
X ff)(ta SHalHa RHaSMa:Z‘.M)
+ g /t(t )071
_— -7
AB(o)I'(0) Jy,

X F5(t,IM)dT
(14

~—

with 0 < t < t1, t; < t < T where “F;(t) =¢
E(SHalHyRH78M7IM7 ) and ABCf( ) ABC
F(Su, I, R, Sm, Zam, t) are the left-hand 51de of
Eq. (@) for i = 1,2,3,4, also given in Eq. (3]). V\/'e|

A Numerical Study on the Dynamics of Dengue Disease Model

will derive the scheme for system (I4]) and the same
procedure will be for the rest of the compartments.

At t= tn+l
( 1 h o—1
SHo + (o) /0 (t—¢)
x C F1(Sq, t)d¢,
l1—0
Su(t) + 4pc o )ABCE(SH, n)
Su(tn+1)) = o

T ABC(o)T (o)

xﬂ?ﬂa—cv*

{ x ABCE (O)d¢, t1 <t<T,
(15)

We write Eq. ([[3) in the Newton interpolation
approximation given in Ref. 27 as follows:

/\/\\ MOST WIEDZY Downloaded from mostwiedzy.pl
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A"t & e K-2 ; K-2 5 K-2 K—2 » K-2
1 FrSS 2 152 ReK 2, 80 K2 T K2 1
F(a-l—l)KZ:J 1(SH H H M M K—2)]
Aan7t & K—1 1 K—1 5 K—1 3 K-1
X H+F(a+2)}§[ FiSua - LIm T LR L SMK =1L, k1)
Sho + — CREES T T RS T SN TR AN R )]
Z+ o)7L g [f(sKIKRKs KT i)
o1 3) 18w I R S SMm LI K
- 2C~7:1(SHK71:IHKilvRHKilstKilszKilythl)
+ RS T I T RS T SN TR I T ko)A
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For the remaining three compartments, we can write the Newton interpolation approximation as follows:
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5. SIMULATIONS AND
DISCUSSION

This section presents the simulations of model
@), which is considered with the Caputo and
ABC piecewise operator. For the simulation of the
approximate solution, we consider the initial val-
ues as Sp(0) = 7.4, Ig(0) = 0.02, Rg(0) = 0,
Sm(0) = 0, Zy(0) = 0. The parameters used

Table 1 Parameters, Description and their
Values of Model Iﬁl

Symbols Description Value

B Human birth rate 10
[ Human infection rate 1
D) Infected human

rate with mosquitoes 0.025
U3 Infected mosquitoes

rate with human 0.02
) Human death rate 0.1
121 Mosquitoes death rate 0.1
Vo Rate of deaths with disease 0.2
y Mosquitoes birth rate 9.08

here for the simulation of our results are pre-
sented in Table[Il To study the affects of the piece-
wise operator, we divide the interval [0,77] into
two sub-intervals, which are (0,¢;] = (0,17] and
(t1,T) = (17,60]. In first sub-interval, we consider
the Caputo operator while in the second interval
the fractional order ABC derivative is considered.
So, the first sub-interval demonstrates the dynam-
ics of the model (@) in the Caputo’s sense while
the second sub-interval shows the behavior of the
model with different fractional orders in ABC sense.
In Figs. MHE the fractional orders are considered
as (blue,0.99), (red,0.97), (black,0.95), (purple,0.93)
and (green,0.91).

In Fig. [l we present the dynamics of susceptible
human population. Figures 2 and [B] depict the pop-
ulation dynamics of infected and recovered human
populations, respectively. Similarly, Figs. dl and
are projected to observe the dynamics of suscepti-
ble and infected mosquitoes populations. In Fig. [,
we observe that with time the susceptible humans
S will decrease and then after ¢ = 10 the suscep-
tible humans again will increase. After advancing

-—0.99
-—0.97
—0.95|]
-—0.93
—=0.91]]

0 10 20 30 40 50 60
T

Fig. 1 The dynamics of susceptible human S in the C-ABC
piecewise model (@) with ¢; = 18.
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60 :
—0.99
-—0.97

50 —0.95|1
-—0.93

40+ =—=0.91]]

T
30t
20t

0 10 20 30 40 50 60
T

Fig. 2 The population dynamics of infected human E in
the C-ABC piecewise model @) with ¢; = 18.

10
8,
6,
I
o
4r —0.99]]
—0.97
ol —0.95|]
—0.93
—0.91
0 , , , , .
0 10 20 30 40 50 60

T

Fig. 3 The population behavior of the recovered human I
in the C-ABC piecewise model () with ¢; = 18.

90 T
—0.99
89t -—0.97|]
-—0.95
L =—0.93]
88 ~—0.91
=
o 87
86
851
84

0 10 20 30 40 50 60
T

Fig. 4 The dynamics of susceptible mosquitoes V in the
C-ABC piecewise model ([2)) with ¢; = 18.

towards the second interval where the ABC opera-
tor used the population in Sy, increases and becomes
stable at ¢t = 30. Similarly, from Fig.[2] it is observed
that the infected human population I; decreases
with the passage of time where the rapid decrease in
I, can be seen after ¢t = t1, shows that the transfer
of individuals to the recovered class is faster as com-
pared to the first interval and becomes stable after
t = 25 at fractional order 0.91. Further in Fig. [3]
the recovered humans from the dengue fever Rj, will
increase reaching their peak values around ¢ = 20,

20 .
—0.99
18 —0.97|1
—0.95
1671 —0.93[]
—0.91
14+ 1
_2
12+
10+
8 L
6

0 10 20 30 40 50 60
T

Fig. 5 The dynamics of infected mosquitoes S in the C-
ABC piecewise model [2) with ¢; = 18.

then after a little decrease of the individuals in Ry,
will become stable at ¢t = 40. In Fig.[] it is observed
that the population of the susceptible mosquitoes
decreases with time which becomes stable when
t = 35. Furthermore, Fig. [fl demonstrates that
the infected mosquitoes decrease with time which
shows faster decrease in the number of infected
mosquitoes in the second interval, which become
stable at ¢ = 50. We have considered the two sub-
intervals [0,¢;] = [0,18] and [t;,T] = [18,40] for
the simulation purpose of Figs. BHIO In Fig. 6 the

—0.90
-—0.88
—0.86] |
—0.84
—0.82|]

0 10 20 30 40
T

Fig. 6 The dynamics of susceptible human S in the C-ABC
piecewise model (@) with ¢; = 18.

60
=0.90
—0.88

50 —0.86/]
-—=0.84

40!t —o0.82]]

_I

301

20t

10 : ; ’

0 10 20 30 40

T

Fig. 7 The population dynamics of infected human E in
the C-ABC piecewise model (@) with ¢; = 18.
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10

0 10 20 30 40
T

Fig. 8 The population behavior of recovered human I in
the C-ABC piecewise model @) with ¢; = 18.

0 10 20 30 40
T

Fig. 9 The dynamics of susceptible mosquitoes V in the
C-ABC piecewise model () with ¢; = 18.
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—0.82
141 ]

121
10

0 10 20 30 40
T

Fig. 10 The dynamics of infected mosquitoes S in the C-
ABC piecewise model ) with ¢; = 18.

dynamical behavior of the susceptible individuals
is demonstrated. Figure [[ shows the evolution of
the infected population. Similarly in Figs. [§ and [,
the population behaviors of the recovered human
and susceptible mosquitoes are projected, while
Fig. demonstrates the dynamics of the infected
mosquitoes. Here the fractional orders are consid-
ered to be rather lower as compared to Figs. [[HEl
The fractional orders for Figs. [BHIO are considered
as (blue,0.90), (red,0.88), (black,0.86), (purple,0.84)
and (green,0.82). From the figures simulated with

lower fractional orders, it is observed that the dis-
ease dies out soon at lower fractional orders and the
system state variables become stable even at ¢t = 23.

6. CONCLUSION

In this paper, we have analyzed the dynamics of
dengue epidemic model with novel piecewise deriva-
tive in the sense of Caputo and Atangana—Baleanu
Caputo operator. The existence and uniqueness of
a solution with piecewise derivative is examined for
the aforesaid disease model. The suggested prob-
lem’s approximate solution is obtained using the
piecewise approach Newton polynomial approach.
In terms of singular and non-singular kernels, a
numerical scheme for piecewise derivatives has been
established. The numerical simulation for the piece-
wise dengue model is presented for various frac-
tional orders. We observe that piecewise operators
present better dynamics of the models as compared
to the classical ones. This work advances the idea of
the piecewise derivatives and presents the dynamics
of the crossover behavior more clear.

REFERENCES

1. C. Caminade, J. M. Medlock, E. Ducheyne, K.
M. MeclIntyre, S. Leach, M. Baylis and A. P.
Morse, Suitability of European climate for the Asian
tiger mosquito Aedes albopictus: Recent trends and
future scenarios, J. R. Soc. Interface 9(7) (2012)
2708-2717.

2. K. M. Altaf and A. Atangana, Dynamics of ebola
disease in the framework of different fractional
derivatives, Entropy 21(3) (2019) 303.

3. M. Zhang and Z. Lin, A reaction—diffusion—
advection model for Aedes aegypti mosquitoes in
a time-periodic environment, Nonlinear Anal. Real
World Appl. 46 (2019) 219-237.

4. H. Nishiura, Mathematical and statistical analyses
of the spread of dengue, Dengue Bull. 30 (2006) 51—
67.

5. B. Acay et al, Fractional methicillin-resistant
Staphylococcus aureus infection model under
Caputo operator, J. Appl. Math. Comput. (2021),
https://doi.org/10.1007/s12190-021-01502-3.

6. A. Jajarmi, S. Arshad and D. Baleanu, A new frac-
tional modelling and control strategy for the out-
break of dengue fever, Physica A 535 (2019) 122524.

7. S. Ahmad, A. Ullah, M. Partohaghighi, S. Saifullah,
A. Akg;ul and F. Jarad, Oscillatory and complex
behaviour of Caputo-Fabrizio fractional order HIV-
1 infection model, AIMS Math. 7(3) (2022) 4778~
4792.

2240260-14


http://mostwiedzy.pl

/\/\\ MOST WIEDZY Downloaded from mostwiedzy.pl

JE——

10.

11.

12.

13.

14.

15.

16.

17.

18.

. H. W. Hethcote, The mathematics of infectious dis-

eases, SIAM Rev. 42 (2000) 599-653.

E. A. Newton and P. Reiter, A model of the trans-
mission of dengue fever with an evaluation of the
impact of ultra-low volume (ULV) Insecticide appli-
cations on dengue epidemics, Am. J. Trop. Med.
Hyg. 47 (1992) 709-720.

L. Esteva and C. Vargas, Analysis of a dengue dis-
ease transmission model, Math. Biosci. 150 (1998)
131-151, doi:10.1016/S0025-5564(98)10003-2.

Z. Feng and V. Hernndez, Competitive exclusion in
a vector-host model for the dengue fever, J. Math.
Biol. 35 (1997) 523-544.

A. Din, K. Shah, A. Seadawy, H. Alrabaiah and D.
Baleanu, On a new conceptual mathematical model
dealing the current novel coronavirus-19 infectious
disease, Results Phys. 19 (2020) 103510.

A. Khan, G. Hussain, I. Mustafa and G. Zaman,
Existence, uniqueness, and stability of fractional
hepatitis B epidemic model, Chaos Interdiscip. J.
Nonlinear Sci. 30(10) (2020) 103104.

S. Saifullah, A. Ali and Z. A. Khan, Analysis of non-
linear time-fractional Klein—Gordon equation with
power law kernel, AIMS Math. 7(4) (2022) 5275-
5290.

K. Shah, F. Jarad and T. Abdeljawad, On a non-
linear fractional order model of dengue fever dis-
ease under Caputo-Fabrizio derivative, Alex. Eng.
J.59(4) (2020) 23052313, https://doi.org/10.1016/
j.aej.2020.02.022Get.

M. A. Khan, A. Atangana and E. Alzahrani, The
dynamics of COVID-19 with quarantined and isola-
tion, Adv. Differ. Equ. 2020(1) (2020) 1-22.

A. Atangana and J. F. Gomez-Aguilar, Fractional
derivatives with no-index law property: Application
to chaos and statistics, Chaos Solitons Fractals 114
(2018) 516-35.

C. Xu, S. Saifullah and A. Ali, Adnan, The-
oretical and numerical aspects of Rubella dis-
ease model involving fractal fractional exponential
decay kernel, Results Phys. 34 (2022), https://doi.
org/10.1016/j.rinp.2022.105287.

2240260-15

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

A Numerical Study on the Dynamics of Dengue Disease Model

F. Muhammad, U. K. Zia, L. Yu-Pei, Y. Abdul-
lahi and D. Anwarud, Investigating of fractional
order dengue epidemic model with ABC operator,
Results Phys. 24 (2021) 104075, https://doi.org/10.
1016/j.rinp.2021.104075.

A. Atangana and D. Baleanu, New fractional deriva-
tives with non-local and non-singular kernel. Theory
Appl Heat Transf. Model Therm. Sci. 20(2) (2016)
763-769.

E. F. D. Goufo, Application of the Caputo—Fabrizio
fractional derivative without singular kernel to
Korteweg-de Vries-Burgers equation, Math. Model
Anal. 21(2) (2016) 188-198.

E. F. D. Goufo, A bio mathematical view on the
fractional dynamics of cellulose degradation, Fract.
Cale. Appl. Anal. 18(3) (2015) 554-564.

S. Saifullah et al., Investigation of fractal frac-
tional nonlinear Drinfeld-Sokolov—Wilson system
with non-singular operators, Results Phys. (2022),
doi:https: //doi.org/10.1016/j.rinp.2021.105145.

A. Atangana and S. I. Araz, Nonlinear equa-
tions with global differential and integral oper-
ators: Existence, uniqueness with application to
epidemiology, Results Phys. 20 (2021) 103593,
https://doi.org/10.1016/j.rinp.2020.103593.

S. K. Kabunga, E. F. D. Goufo and V. H. Tuong,
Analysis and simulation of a mathematical model
of tuberculosis transmission in democratic Repub-
lic of the Congo, Adv. Differ. Equ. 2020(1) (2020)
1-19.

A. Atangana and S. I. Araz, Mathematical model
of COVID-19 spread in Turkey and South Africa:
Theory, methods and applications, Adv. Differ. Equ.
2020 (2020) 659.

A. Atangana and S. I. Araz, New concept in calculus:
Piecewise differential and integral operators, Chaos
Solitons Fractals 145 (2021) 110638.

A. Din et al., Mathematical analysis of dengue
stochastic epidemic model, Results Phys. 20 (2021)
103719.


http://mostwiedzy.pl

	INTRODUCTION
	PRELIMINARIES
	QUALITATIVE ANALYSIS
	NUMERICAL SCHEME FOR PIECEWISE DENGUE 5D DYNAMICAL MODEL WITH FRACTIONAL ORDER
	SIMULATIONS AND DISCUSSION
	CONCLUSION


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 900
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


