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Abstract: In this paper, we will check the existence and stability of the dengue internal transmission
model with fraction order derivative as well as analyze it qualitatively. The solution has been
determined using Atangana-Baleanu in Caputo sense (ABC) with the help of Sumudu transform (ST).
Atangana-Toufik (AT) and fractal fractional operator are used to analyze the dengue transmission
which is an advanced approach for such types of biological models. Existence theory and uniqueness
for the equilibrium solution are provided via nonlinear functional analysis and fixed point theory.
Global stability of the system was also proved by using the Lyapunov function. Such kind of study
helps us to analyze dengue transmission which shows the actual effect of dengue transmission in
society, also will be helpful in future analysis and control strategies.
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1. Introduction

Dengue is a multifaceted disease with affects human health badly. The dengue fever symptoms
start to appear in 2 to 7 days [1-3]. It is during this period that differentiating dengue from other
febrile diseases proves troublesome [4]. Most people do not give attention to this disease and do
self-medication which does not effective for this disease. Secondary dengue infection increases the
risk of disease harshness [5,6]. Unfortunately at a time, there is no specific vaccine exists for dengue
treatment [7-9]. Dengue fever is similar to flu which can affect all age groups [10], the fever spread
due to a mosquito named Aedes. When an infected mosquito bites a normal person the virus is
entered into the body of a human through the skin. Hence, the most severe clinical presentation
during the infection course does not correlate with a high viral load [11]. According to WHO,
dengue-infected people can be divided into two groups uncomplicated and severe [12]. The people
who suffer severe conditions are associated with organ impairment or harsh plasma escape and the
left are considered uncomplicated [13].

The generalization of classical calculus is called fractional calculus which is concerned with the
operation of integration and differentiation of fractional order. In the 19th century by using fractional
calculus mathematicians introduce fractional differential equations, fractional dynamics, and
fractional geometry. Fractional calculus is used in almost every field of science. It is used to model
physical as well as engineering processes. The standard mathematical model of integer order does not
work properly. Due to this reason, fractional calculus made a major contribution to the field of
mechanics, chemistry, biology, and image processing. By using fractional calculus several physical
problems are solved. By using integer-order derivatives the system shows many problems such as
history and nonlocal effect. Primarily, all the studies were depending on Caputo fractional-order and
Reimann-Liouville fractional derivatives (RLFD). Now a day it had been highlighted that these
derivatives have an issue and the issue is they have a singular kernel. That is the reason so many new
definitions were presented in the studies [18—20]. These new definitions were very impactful because
they have nonsingular kernels which are according to their needs. Caputo fractional derivatives [21],
the Caputo-Fabrizio derivative, and AB [22] fractional derivative e have differed from each other
only because Caputo is defined by a power law, Fabrizio is defined by using exponential decay law,
and ABC is defined by Mittage-Leftler (ML) law. Tateishi et al. describe the role of fractional time
operator derivative in a study of anomalous diffusion [23]. We extended the
nutrient-phytoplankton-zooplankton model involving variable-order fractional differential operators
in [24]. To analyze the dynamics of the fractional calcium oscillation model, powerful techniques are
applied to the governing non-linear fractional studied in [25] and some other applications of
real-world problems are also studied in [26-28]. In [27] authors used Caputo derivative which kernel
is singular and nonlocal properties. But we used ABC operator which is non-singular and nonlocal
kernels.

This paper is organized as follows: In sections 1 and 2 consists of an introduction and basic
definitions for analysis. Section 3 is for the stability and uniqueness of the proposed scheme with
fixed pint theory. Gloabal stablitity was also proved with Lyapunov function. A numerical algorithm
for results is developed with the AT scheme and Fractal fractional operator by using the Mittag
Leffler function in sections 4 and 5. Conclusions of results are described in section 6.
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2. Basic concepts of fractional order

Definition 2.1. The ABC of function ¢(t) defined as [15, 19, 20]:

D¢ ($(D) =2

a

dwnd)( w)E, { {ew)? W)}dw n—1<a<n, (1)

where E, is the Mittag-Leffler, AB(a) is normalization function and AB(0) = AB(1) = 1. By
applying Laplace transform, we have

AB(a) s“L[¢p(D)](s)—-s*1 (0)
[4PSDEP(1)](s) = LD LI @ @

s(x+_
—-a

By using ST for (1), we acquire

STAE5DEP(01(5) = 22 {al (o + DEq (- w?)} X [ST(6() = (0] ()

Definition 2.2. The fractional integral of ABC with order @ given by

ABEIE(PD) = 5w (O + g [, D) (E = 5) 7 ds. @)

Definition 2.3. For a function g(t) € W}(0,1),b > a and a; € [0,1], the definition of ABC is
given by

t
AB(ay) [ d a,
ABC n21 — - — — aq
SDE19() = To [ -9 [ o (¢ = D e
0
where
AB(ay) =1 P
o) = —.
! I'(ay)

Definition 2.4. Suppose that g(t) is continuous on an open interval (a,b), then the
fractal-fractional integral of g(t) of order @; having Mittag-Leffler type kernel and given by

a, (1 —apt* 1g(t)
AB(ay)

FFM 0-’1 az(g(t)) _ a _1g(s)(t _ S)alds +

a0, j
—— < | S
AB(a)T'(ay) :

3. Mathematical model

To develop the equation the dengue viruses are virulent and no other microorganism that about

the human body. Initially, macrophages, monocytes, and other cells of the reticuloendothelial organ

are a major source of dengue. The susceptible cell is denoted by S, the infected cell by I, and the free
virus by V is shown in Figure 1.
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Figure 1: Flow chart of the model.

By transforming the model in [29], with ABC is as follows:
ABCDIS = o — BS(T)V (1) — 6S(7),
4BEDZT = BS(D)V (7) — ol (1), (5)
ABEDZV = pnI (1) — (py + p2)V (1) — BS(DV (7),
with initial conditions
S(0)=5,=0, I(0)=1,=0, V(0)=V,=>0. (6)

In the given model, we will suppose that all the parameters are taken as positive. By using the
greenest supposition that o shows the growth of susceptible cells and at the rate §S(7) they expire.
Free virus particles infect susceptible cells at a rate corresponding to the product of their plenitudes
BS(t)V (7). The viability of the process is shown by B. Septic cells yield free virus at a rate
proportional to their plenitude unl(t), with n being the multiplication rate, and free infection particles
are expelled from the system at arate (p; + p,)V (), where y, is the natural demise rate of the virus
and y, is the death rate of the virus by T-cells. The free virus also moves to the susceptible cells
compartment as £S(7)V(t) and infected cells bite the dust at a rate /(7).

Equilibrium points of model
The equilibrium point of (5) is attained by cracking the non-linear algebraic equations

DY1S(7) = DY?I(r) = D3V (z) = 0.

System (5) has a disease-free equilibrium point F,(a/8,0,0) if R, < 1, whileif Ry > 1, thereisin
addition to F,, a positive endemic equilibrium F*(S*,I* ,V*) and the values of S*, I* and V* are as
follows:

_ a(ps + p2) _a

S = BGmo) ok
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I = af(u, — o) —af(p1 + p2) _ a(Ry— 1)

af (pn_o) aR,
af(up—0) —of(pr+p2) «
V= =—(Ro—1
B (P, + P,) gfo—
where R, is the basic reproduction number defined in [29] as follows:
— af(Un—0o)
0 a6(P2+P1).

The value that R, takes can signpost the situations where an epidemic is conceivable. Threshold

quantity (R,) is used to analyze the stability of the system (5) and the values of the following
parameters given in Table 1.

Table 1. Parameters value used in model.

Parameters DFE EE Unit
a 0.56 0.56 Day™1!
B 0.001 0.1 Day~1
10) 0.1313 0.0041 Day™!
o 0.5 0.32 Day™1!
i, 156 175 Day~1
P, 4 4 Day™1!
P, 25 25 Day™1!

Applying ST on the proposed model given in (5) we get

q(0)oT (o + 1) N, (_ 1 VJ) ST{S(1) — S(0)} = ST[a — BS(D)V (*) — §S(D)],

1-0 l1-0
q(a)if,ﬁl) N, (_ i V") ST{I(7) — I1(0)} = ST[BS(D)V(2) — 01 (7)], ()

q(o)al'(c+ 1)
1—o0

1
N, <_ m‘”) STV (1) = V(0)} = ST[ppl (1) = (91 + p,)V(2) — BS@V (D).

Rearranging, we get

1—0

ST(S(x)) = S(0) + T X ST[a = BS(D)V(r) — 85(7)],

q(0)aT(a + DN, (— — aV")

ST(1()) = 1(0) + 10

: x ST[BS(D)V (1) — 0l (7)],
q(o)oT(oc + 1)N, (— 1= JVG)

ST(V(@®) = V(0 +- (a)mﬁi)‘;(_ﬁw) X ST[pnl (1) = (1 + )V (D) = BS@V(D)].  (8)

Now using the inverse ST on Eq (8), we have
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1—-0

q(o)oT (o + 1)N, (— 1 1 UV")

S(t)=S(0)+ STt I X ST{a — BS(D)V (1) — 65(1)}‘,
1-0

q(o)oT (o + 1)N, (— 1 E 5 V")

I1(t) =1(0) + ST ! [ x ST{BS(T)V (1) — O’I(‘[)}‘,

V(t) = V(0) + ST1 1-0

1 X ST{unI (1) = (p1 + P2V (7) — BS(V(D}|.
q(a)oT (o + 1)N, (— 1= V")

[

We next obtain the following recursive formula.

1—o0

q(o)oT(c + 1)N, (—

St (®) = S, (0) + ST [ 1 x ST{a — BS,(D)V,(7) — SSn(T)}‘,

1—0VU)

1—-0

——— X ST{BS, (D (2) — oL, (D)},
q(0)aT(0 + DN, (- 7= V?)

Itn+1y(@) = [,(0) + ST [
g
X ST{pnln (1) — (P2 + P2)Va () — ﬁSn(T)Vn(T)}]- 9)

1-0
q(a)aF(a+1)Na(—1%

g

Vinsn) (@) =V, (0) + ST [ 7o)

And the solution of (9) is provided by
S(t) = lim S, (7),I(r) = lim I,(t),V(7) = Tllim V()
n—-oo n—-oo —00

Theorem 3.1. The When the reproductive number Ry, > 1, the endemic equilibrium points F* of
the SIV model is globally asymptotically stable.
Proof. The Lyapunov function can be written as

S* I
M(S* 1%,V = (S e N log?) + (I - — I*logT)
+(v-vr—vlogL). (10)

Therefore, applying the derivative respect to t on both sides yields

w=m=(5)s+(5) i+ (57 an
Now, we can write their values for derivatives as follows
M _ = (S_S*)(a—BSV—6S)+( _ *)(/351/—01)
dt S I
+(55) Gand = (1 +p2)V = BSV). (12)

Putting S=S—-S", I =1—-1", L=V —V" leads to
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8414

dM_(S—S*

dt S
N (I - I*

I

v-v*

+(57) = 1) = Gy + PV = V) = B(S = SHE = V")), (13)

)@= B(s =5V = V) = 5(5 = 5)

) (B(s =5V =V =o =1

We can organize the above as follows

a_ SV +BS*V + pSv* A (S>+ SV(S)
— = Q= BSV +BSV + BSV = BSV" —a (S )+ BSV (5

* *

*

psv(§) - () vasr(5) -5

* *

+BSV — BS*V — BSV* + BS*V* — BSV (17) +BSTV (17)

I I o
+BSV* (7) — BS*V* (7) -7 (I = 1) + pul — pu I

* *

14 14
—BSV + BS*V + BSV* — BS*V* — 1 (—) + I (7)

v
+a5v () = 657 (57) +osv () + 5577 ()
— ) (y 2, (14)

To avoid the complexity, the above can be written as

aM
Z=3-0 (15)

where

* *

S S
T =a+BS'V + BSV* + BSV (?> + BS*V* (?> + BSV + BS*V*

*

I I 14
+BS*V (7> + BSV* (7) + pund + BS*V + BSV* + u,I* (7)

* *

50 (5w () 57 (5,

Q=BSV+BSV* +a (S?) + BS*V (%) +BSv* (%) + g(s —5)?

* *

* *

+BS*V + BSV* + BSV ([7) + BS*V* (%) + ; (=12

+BSV + STV + ol () + 57V (L) + B2 (v — )2,
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It is concluded that if ¥ < (, this yields, Z—Itw < 0, however when, S =S*1=1",V =V"

am
0=X-0=—=0. (16)
We can see that the largest compact invariant set for the suggested model in
{s vy er2 =0} (17)

is the point {F*} the endemic equilibrium of the considered model. By the help of the Lasalles
invariance concept, it follows that F* is globally asymptotically stable in ' if ¥ < Q.
Theorem 3.2. Let (X,|.|) be a Banach space and H a self-map of X satisfying

|Hy — Hpll < 0[1X — Hyll + 0lx — 7],
1—o0

q(o)oT(c + 1)N, (— 1 E 5 V”)

St (®) = S, (0) + ST [ x ST{a — BS,(D)V,(7) — SSn(T)}‘,

1—-0

T X STBS(DVa(®) ~ ol (r)}].

Ins1y(@) = 1,(0) + ST~ [
q(@)oT (0 + DN, (- ==V°)

1-0

q(o)oT (o + 1)N, (—

’

T Vg) X ST{ptn 1, (1) = (1 + P2V (T) = BS, (DV, (1)}
1-o0

Vin+1)(©) = Vo(0) + ST [

1_
where U

TN, () is the fractional Lagrange multiplier.

Proof. Define K be a self-map [30] is given by

1-0

K[Stm+1 (@] = Stan)(©) = 5,(0) + ST?

T ST{a — BS,(DV, (1) — 6S, (r)}‘.

q(o)ol (o + 1)N, (—mV”)

1-0

LVU) X ST{ﬁSn(T)Vn(T) - aln(T)}]: (18)

B _ -1
K[Itne1) (@] = Ine1) () = 1,(0) + ST [q(d)dr(‘”l)NU(H—J

K[Vas (@] = Vs (@) = V,(0) + ST™?

1-—
x I X ST{igly (D) = (1 + DIV (D) = BSa (D (D)

q(o)al (o + 1)N, (— - V“)

Applying the properties of the norm and triangular inequality, we get

IK[Sn (D] = K[Sm @1l < 1S2(7) = Sm (@l

1—o0
+ST1

1 X ST{a + BlISn (D (®) = Su(@Vn (@Il + 611S (7)) — S (DI}
q(o)al (o + 1)N, (— - V“)

AIMS Mathematics Volume 7, Issue 5, 8408—8429.



8416

K1 (D] = KL O < 11:(7) = Ln (@l

— 1-o0
5T [q(a)ar(ﬁ%(_ﬁw) X STEBISH (D () =~ S @V @Il + 0ll1u (@D ~ @], (19)
IK Vo (D] = K[V (]I
< [V (@) = V@l
+ ST L7o
1
q(o)oT (o + 1)N, (— - V")

X ST{up|l1n(0) = L (DIl + (p1 + pIIVo (D) = Vs O + BlIS (DV(7) — Sm(T)Vm(T)”}‘-

K fulfills the conditions associated with Theorem 3.2 when

6 = (0,0,0,0,0),0 =
152(8) = SOl % [|=(S0.(®) + S ()| + & = BISH DV (7) = S (Vi (DIl = 811, (2) = S D
X (1, = Ln )| X |- (1.@®) + Ln(@®)|| + BIS2@Va (@) = S @V Dl = 1l (@) — L@
X (| (Va(®) = Ve )| X |- (Vo (©) + Ve O)|| + 112 (@) = LN = (1 + V(1) = Ve DI
~BlISn DV (D) = S DV DI

Hence K is Picard K-stable.
Theorem 3.3. The special solution of Eq (5) using the iteration method is the unique singular
solution.

Proof. Take into consideration the following Hilbert space H = LZ((p, q) % (0, T)) which can be

defined as

h:(p,q) X (0,T) - R, ﬂ ghdgdh < oo.

In this regard, the following operators are considered

a— BS()V(t) —6S(t)
6(0,0,0,0,0),0 = { BS(t)V(t) — al (1)
pnl (¥) — (p1 + P2V () — BS(D)V (7)

We establish that the inner product of
(T(Sn - 512, 121 - 122’ V31 - V32, )' (VL Vz' Vs))-

Where (S11 — S12, 11 — 12, V31 — V33), are the special solutions of the system. Taking into account
the inner function and the norm, we have

{o — ,3(511 - 512)(V31 - V32) —6(S11 — S12), V13
< allVill + BlIS11 — S12lllIVs1 = Ve lllIV Il + 811S11 — Se2 VAl

{ﬁ(su - 512)(V31 - V32) — o0l — 132),V,}
< ,3”511 - S12||||V31 - V32||||V2|| + ollly1 — Ll

AIMS Mathematics Volume 7, Issue 5, 8408—8429.
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{un (a1 — Iz) — (p1 + p2) (V31 — V33) — B(S11 — S12) (V31 — V32), V3}
< tinlllzr = Lo |IVsl] + (p1 + 02)IV31 — Vao [ V]|
+ BlIS11 — S12llV51 = Va |l Vs.

In the case of a large number e, e, and e5, both solutions happen to be converged to the exact
solution. Employing the topology concept, we can obtain five positive very small parameters

(Xey» Xe, and xe, ).

Xel Xez

X
I = Tpa L T = Iall < — ? ANV = Vo[l IV = Vool < == =,

IS = S1all. 1IS = Spall = —

where
w = 3(a+ BlIS11 = S12llllVz1 = Vall + 611S11 = Se2ID VA
¢ =3(BlIS11 — S12lllVa1 — Vazll + olllz1 — L2 IDIIV2]]
U =3(unlllzy — Izl + (p1 + 2 IVa1 — Vazll + BlIS11 — S12lllIVay — Va2 IDIIV3I-

But, it is obvious that
(o + BlIS11 = S12llllV31 = Vaall + 81111 — Si2l) # 0
(BUS11 = S12lllV31 = Vaall + olllzy — Iz2]]) # 0

(Unlllz1 = [l + (01 + P2)V31 = Vsl + BlIS11 = Si2lllIVs1 = Va2 D) # 0,

where |[Vi]l, [[V2Il, [IV3]] # O.
Therefore, we have

||S11 - 512” =0, ||121 - 122” =0, ||V31 - V32|| =0,
which yields that
S11 = S12, 151 = I3, V31 = V3,

This completes the proof of uniqueness.
4. Advanced numerical scheme (AT method)

Applying the advanced numerical scheme AT method on system given in Eq (5) and fundamental
theorem of fractional calculus, we get

S(t)—S5(0) = SBC C ;{(x BS(T)V(1)-8S(1)} +m J {a-BS(V(D)-8S(D)}(t — £)7 1d¢,
(1 - O') g i o—1
10 = 10) = 4o e ) Esove-awic -7
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V() —-V() = (- {u 1(1) = (p, +p,)V(@) = BS(DV (2)}
ABC(0)

Sl 1@ = (p, +p,)V(@) = BS@V(@D}(x — )7 dt.

+ r'(o)xABC(0) 70

At a given point 1,,1, n = 0,1,2,3, ..., the above equation is reformulated as

S(tp+1) — S(0)

_ (-0
=5 ){a BS(ea)V (tn) - 85(t)}

() x ARC(o) - - — +)o—1
F(a)xABC(o—) fo{“ BS(OV()-8S(0)} (tny1 — £)°1dt,

1(0) = a- ){BS(Tn)V(Tn) ol(t)}

I(Tn+1) ABC(0)

—— [THBSOV(D)- ol(©)} (t4q — 1)L,

+ I'(¢)xABC(0) Y0

V(the1) —V(0)
/(mc( ){“ 1) = (p, +p,)V(@) - BS(DV(2)}

O ABC(U) jo

Also, we have

S(tn+1) —S(0)

_u- ){a BS(tn)V(tn)- 8S(tn)}
ABC( ) n n n

Tk+1
™) < ARC(A) - - _ o—1
i (J)XABC(J); J . {a-BS(OV(D)-8S(O} (41 — )77 4L,

I(tn) = 1(0) = /(13;( ;

o - Tk+1 S I . U_ldt
+m;£k BSOV®-0I(®)}(tn41 — 1) )

Vo) =V O = 5= D1, 1) = (p, + 2,V ~ BV

o L frkﬂ{“ 1@ = (p, +p,)V(@) = BS@V(D) }(tp41 — ) 2dE.

I'(¢)xABC(0)

{BS(Tn)V(Tn) ol (Tn)}

By using equation above equations, we have

AIMS Mathematics

(20)

e2y)

1@ = (y + 2V = BV i — D7

(22)
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Sn+1 = So jBE( )){a BS(t)V (ta)~ 85 (1)}

F(a) X ABC(O') z {

x f = T} (Tpes — %1t —

0= BSg—1Vi—1- 851
h

x f = T} (s — t)“—ldt},

Tk

1-0)
ABC(0)

I(Tn+1) - I(O) = {BS(Tn)V(Tn)_ GI(Tn)}

S,V | Tk+1 S V. ol
F(a) XABC(G)Z{B KV~ O k><fT {(t—‘[k_l)}(-[n+1_t)0'—1dt_B k-1 kh1 oljk_1

k

X f k+1{(t — T} (Tngr — t)g_ldt},

2;;(3 {11 @ = (p, +2,)V@ - ps@V(D)} +

V(tn+1) —V(0) = I'(o) x ABC(0)

1, —(p1+D2)Vy-BSV 11— (1 +D2) Vi 1-BSj—1 Vi— _
Xzzzo{unk pll;lz KBSV o Hnlk—1=(P1+p2 hk 1-BSk—1Vi 1Xf:kkﬂ{(t_Tk—l)}(anLl_t)a 1dt}. (23)

Thus integrating equation (21) and Eq (22), and replacing them in equations of the system (23)
we get

(1-0)
4BC(o ){0( BS(Tn)V(Tn) 8S(tn)}
n h”{a— BSka— SSk}
ABC(O') e, I'(o+2)
xX{n+1-k)*n—-k+2+a)—-(m—-k)*n—k+2+2a)}

B h%{a- Bsrk(;\-/:;)— 8Sk_1} x{(n+1—k) —(m—k)*n—k+1+ a)}>’

Sn+1 = So t

I(the1) — 1(0) = /(130 0 ; {BS(t)V(tn)-ol(ty)}
o (M o (41— k)~ k24 @) — (K k24 20}
h“{BSk;}(Zi—z;—le—ﬂ x{(n+1- k)a+1 —(n-k*n-k+1+ a)}) ) (24)

AIMS Mathematics Volume 7, Issue 5, 8408—8429.
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V(tne1) = V(0)

;BC( ){“ 1(D) = (p, +p,)V(@) = BV (x)}

z ho{w, 1k — (p, + p,)Vik - BSkVi}
ABC(a) ['(o+2)

x{(n+1—_k)“(n—k+2+a)—(n—k)“(n—k+2+2a)}
B ha{llnlk—1 - (P1 + Pz)Vk—1 - Bsk—lvk—l}
I'(a+2)

x{(n+1—k)“+1—(n—k)“(n—k+1+a)}>.

5. Dengue model fractal-fractional

We have the following model with fractal fraction operator in ABC sense is given as
FEDgr®2S = a = BS(D)V (1) — 6S(2),
FEDgr®2l = BS()V (1) — 0l (1), (25)

D0V = tal (2) = (p1 + P)V (D) = BS(OV (D),
with initial conditions (6).

Numerical procedure with fractal fractional
We present the numerical algorithm for the fractal-fractional Dengue model (5). The following

is obtained by integrating the system (5).

1 —
S(T) — S(0) = (C(—O:)l)azraz-l{a _ BS(OV (1) — 8S(1)}

aa, otp ) o
+m0t {a = BS(OV () — 6S()}(x — )~ dt,

(1-ay) _
I(x) —1(0) = mazf"‘z HBS(@V (x) — ol (1)}

- (a”f)‘;‘za ) Jy t2 BRSOV (D) — ol (D)} — D)™,

(26)

1-o
V(r) -V (0) = %aﬂ“z_l{ﬂnl(ﬂ — (p1 + IV (D) = BS(OV (D)}

% t%2 Hu, I1(t) — (py + p)V () — SV ()} (r — t)¥r 1dt.

Let
k(7,8(0)) = azr® Ha - BS()V(z) — 65(1)},
k(7,1(7) = apr®2 HBS(D)V () — ol (1)},
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k(r, V(D) = apt® Hunl () — (01 + p2)V (7) = BS(DV (D)}

Then, we have

S(r) - 5(0) = (1C(_ )1) k(z,S(D) + m f k(t, S(®)( — D@ dt,
1(0) = 10) = 2k (7, 1() + g Jy *(6,5(0) (- )@, 27)
V() =V (0) = (1(:(_ )1) k(z, V() + m b[ k(t, S(1))(t — )™~ dt.
At Tpy1 = (n + 1)At, we have
S(tns1) — S(0) = (1(1(_a1)1) k(tn S(za)) + moj k(t, S(8)) (Tnsy — )@ 1dt,
[(n) = 100) = S22k (0, 1 (7)) + gt o (6, 1(0) (T — )71 (28)
Ga)

V() —V(0) = k(T V(7)) + k(t,V(©))(tnsr — )4 1dL.

aq j
C(ay) Clap)l(ay) 5

Also, we have

n U+t

k(t, S(Tn))+WZf k(t, S(D)) (tns1 — )@ 1dt,

—T]

(1- 1)
C(a

S(tn+1) =5(0) +

n ti+1

- = — \a—1
k( 1) + st 1)r( )Zf k(6,1(0)) (tnys — )@,

_T]

(

I(tn+1) =1(0) +

n i+t

Dy (e V(Tn))+mz J k(t, V() (Tnyy — )G 1dt,

—‘L']

(1-
Cla 1)

V(tne1) =V (0) +

In general, approximating the function k(t,y(t)), using the Newton polynomial, we have

k(Tn-1, n-1)) = k(Tn-2, n—2
RO = k(s () + SO ) Koy @)

k(TnY(Tn)) Zk(Tn 12322‘;7)12 1))+k(T1’l ZJ/(Tn 2)) (t Tn_z)(t _ Tn_l). (29)

Using Eq (29) into the above system, we have
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. 1-ay)
snHl = 50 4 c(oca1 k(fn's(fn))

) k(ti_y, 871 — k(7;_,,S/2
+C(a§;(a1)2f {"(’f‘z's’_z“ L L T

1 j—2
k(Tj 51) Zk(Tj 21(;;)2) + k(Tj 257 ) (t _ Tj—z)(t _ Tj—1)} (Tory — D)@-1dt,

— (1- a) T k(t;_, 0~k (t;_5,1072)
In+1 - IO Cla 1) ( I(Tn)) + Clay )I‘(af) Zf j {k(TJ 27 IJ 2) + = - - (t — ‘L'] 2) +

SCHENEAI S R [ a0
(1-a)
n+1 — 0
4 =V Clay) k(Tn V(Tn))
Tj+1

k VIt —k ,Vi—2
C(Cﬁ)r(aﬁ)z.f {k(TJ 2V 2) (T] : ) At (TJ : )(t—‘[] 2)

k Vi) -2k Vi) + k vi-
V) (T] Zl(AT)z ) k(=2 V) (t—72)(t— Tj—l)} (Tpy1 — )% 71dL.

Rearranging the above system, we have

1-ay)

sn+l — g0 4 ) k(tn, (1))

n [T+t
P S o2 e
C(a1)r(051) {f k(T]_Z’S )(Tn+1 t) dt

Tj
Tj+1
k ._’SJ —k ,_’51—2
+ f (Tj 1 ) (TJ 2 ) (t _ Tj—z)(7n+1 _ t)“l_ldt
At
Tj
Tj+1 k( Sj) Zk(‘r Sj—1) + k(r Sj‘z)
T;, — 4, -
* J ] : 21(A‘L')2 = (t - Tj—Z)(t - Tj—1) (Tne1 — t)alldt,}
Tj

= 0 4 C() ( I(Tn))

n (Yi+1
al .
Cla T () R _ -1
C(‘x1)r(“1) {f k(TJ‘Z’ )(Tn+1 t)*1dt

Tj

T
k Y —k(ti_,, 772
+ f (Tj 1 ) (TJ 2 )(t _ Tj—z)(Tn+1 _ t)al_ldt
At
Tj
Tj+1 k( Ij) zk(-[ Ij—1) + k(T Ij_z)
T, 1) — ., -

¥ f ] ]21(AT)2 = (t - Tf—Z)(t - Tj—1)(Tn+1 - t)alldt},

Tj

(31)
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1-ay)

n+1l _ 0
yntt =y @) k(T V(tn))
n (Yi+1
+Lz f k(f. Vj—z)(,[ _ t)“l‘ldt
ClapT(ay) & j=2 n+1
Jj=2 Tj
‘L'j+1k j—1 k j-2
VIt — Vi
+ f (Tj 1 )AT (Tj 2 ) (t _ Tj—z)(Tn+1 _ t)“l_ldt
Tj
‘L'j+1k( j) k( j 1) k( j 2)
7, V) = 2k(ti_y, V) + k(7;_,, VI~
' f ] ] 21(AT)2 = (t = 5-2)(t = 7j-1) (Tpea — OO Hdt
Tj

Writing further above system, we have

(1-ay)
n+1 — ¢co
ST = S0+ s k(T S(12))
n Tj+1
+L2k(r- Sf‘z)f (Tpyr — D@71t
Cla)l(aq) e o i
j=2 Tj
@ k(g ) — k(1 S?) [
1 j-1 — M\-2 . — -1
* Gt AT | -5 - oa
Jj=2 %
n . . . Tj+1
a k(t;,87) — 2k(tj-1,877) + k(7j-2,5772)
+ Z f (t—7-2)(t
Cla)T(ar) & 2(A7)? :
J

- Tj—l)(TTl+1 - t)al_ldt,

1—«a
Ml =704 (C(—al)l)k(‘[n,l(‘[n))
n Tj+1
a .
+ mz k(tj_z,lj_z) j (Tn+1 — t)al_ldt
1—2 T]'
@ k(o ) = k(o 72) [
+ SCANCH Z A f (t —1j_2) (Tpy — )71t
]—2 Tj
n . . . Tj+1
P Zk(fj'”)—Zk(Tj—v“_l)+k(Tj—2»1’_2)f (t—15_5)(t
Cla)T (@) & 2(A0)? : e
J

— Tj_1) (Tpsy — )™ 70,
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(1-ay)
n+l = 0 4
v =V Clay) k(Tn'V(Tn))
Tj+1
——— ) k(t;_, Vi™2 f T — )14t
C(al)l"(al) ( -2 )T‘ (Tn+1 — 1)
k( j 1) ]k( i 2)rj+1
P1 Tj_l,V_ — Tj—z,V_ j »
t—Tj_2)(Tper — )17 1dt
C(p1)r(;01)j:2 At ; ( j 2) n+1
j

oGV = 2k V) k(g VD) [
+C(p1)l“(p1)j=2 2(A7)? Tf (t—7-2)(t

= Tj1) (Tnsr — O Nd.

Now, calculating the integrals in above system, we get

Tj+1
AT)%
[ G =0 =E2 =+ 0% = (- )
I 1
Tj+1
f (t - Tj—z)(Tn+1 — )% 1de
Tj
_ (AT)“1+1 [( +1)a1( i+ 342 ) ( +1)a1( 1343 )]
Cay(ay + 1) nTJ n-J o n=j n—j a)l,
Tj+1
] (t - Tj—Z)(t - Tj—l)(7n+1 - t)al_ldt
Tj

_ (AT)OC1+2 [( it 1)a1{2( _ )2+(3 +10)( _ )+2 2
_al(a1+1)(a1+2) n—j n—j a, n—j aq

+9a; + 12} — (n— )H)*2(n —j)? + (5a; + 10)(n — j) + 6,2 + 18a, + 12}].

Inserting them into a system (31), we get

1-ay)

STL+1 — SO +
Clay)

k(T S(tn))

1(AD)”
WEMTJ 28T —j+ D% - (n— %]

a; (At)“

Carte 39 2 Kz TN =+ D0 43+ 20

—(n—j+ 1)“1(n ] + 3+ 3a;)]
a; (At)“

T @, +3) [k(ff’s)

+ k(tj—2,S772)|( (n j+D%2(Mn—j)?+ Bay +10)(n — ) + 2a,% + 9a; + 12}

—(n—)N*2Mn-j)?+ 5y +10)(n — j) + 6a;% + 18, + 12}],

Zk(Tj_l,Sj_l)
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(1-a) a; (Ar)*
n+1 _ j0 a a,
M= ey o @)+ oS + 1)2 k(62 V72— + D = (= )]
a, (Ar)* N i1
C@T (@, + 2);["(”-1'” )
—k(tj_o, P73)|[(n—j+ D% (n—j + 3 + 2a,)
—(n—j+1)“1(n71j+3+3a1)]
a;(AT)* . -
T @)@ +3) ;[k(rj’p) ~ 2k(5-0 1)
+k(tj_o, ) |[(n—j + D%{2(n — )? + Bay + 10)(n — j) + 2a,% + 9a; + 12}
—(n—N*2(n—j)*+ (5a, + 10)(n — j) + 6a,2 + 18a, + 12}],
(32)
(1-ay)
A ) Lk (T, V()
ay (AT)* a a
mzk(fj 2 V) —j+ D% = (n—N¥]

(Ar)* - g _ _
" W;[k(”—v‘” V) = k(tj_2,V2)[[(n—j + D*(n — j + 3 + 2ay)

—n—j+1D)%(n- ] + 3+ 3a;)]
ay (AT)*
+m2[kw )= 2K(ga V)
+ k(tj—2, VI72)|I (n j+1D2(n— )%+ Bay; +10)(n —j) + 2,2 + 9, + 12}
—(m—)2m-)D?+ Gay +10)(n — j) + 6a;% + 18a; + 12}].

Finally, we have the following approximation:

(1-ay)
Clay)

Sl =604 a, % Ha— BS(t, )V (t,) — 8S(1,)}

a,a,(AT)%

C(afl)F(ocl +1) 4 ‘[az—l{a - BSJ'—ZVJ'—Z — 551'_2}[(71 —j+ 1% —(n —j)lh]

n

a,a,(AT)% _— o )
—_ E 1% Yo — psi-lyi-1 — 55771
Cla)T(a; + 2) j=2[ la—p J

— 1% Yo — BSI72YI72 — 5512 |[(n—j + 1)*(n—j + 3 + 2a,)
—(n—j+D%Mm—j+3+3a)]

n

a,a,(AT)% - o . o .
R A— g 7% Uy — BSIV) — §SIY — 27%~ 1y — pSi-1yi-1 _ §5i—1
C(al)r‘(a,l + 3) j=2[ { B } { ﬁ }

+ 1% Yo — BSI72VI72 — §SI72}|[(n — j + 1)*1{2(n — j)? + (3ay + 10)(n — j) + 2a,?
+9a; + 12} — (n — j)*2(n— j)? + (5a; + 10)(n — j) + 6,2 + 18a; + 12}],
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=0 %azr“rl{ﬁs?)wm - ol(r,))
a,a,(At)* y i2uie2 _ pie . PR
Cla)l @ + D4 sV — gl }(n - j + D = (1= )]
a,a,(At)* ‘ e o -
el (@ + 2);[7 HpsTmvimt — o171
— 12 YBSI72YI~2 — g7 [(n—j + D% (n —j + 3 + 2ay)
—(n—j+1)“1(n—nj+3+3a1)]
a;a,(AT)* e N 1l e
EANCR 3);[.[ 1{ﬁS]V] 011} 2T 1{351 1yi-1 _ gpJ 1}
+ 12 YBSIT2YI72 — g2 [(n— j + D% {2(n — j)? + Bay + 10)(n — )
+ 2a4% 4+ 9a; + 12}
— (nl—j)“l{é(n —N?+ (5a; +10)(n — j) + 6a,? + 18a; + 12}],
(33)
vt =y + Mf?sz‘)‘Z"l{llnl(Tn) — (p1 + IV (1) — BS(xp)V (7))}
C(aq)
a,a,(At)* e . - o . @
C(a)T(a; + 1) szT Hunl7™2 = (b1 + p)V/ 72 = BST2VT72[(n — j + 1)
— (n— "]
a;a, (AT)™

n
@ Hu '™t = yi-1 _ ggi-1yi-1
Cla)l(a; +2) ZZ[T {,un (p1 + p2) B }
j=
=t gl 12 = (py 4 o)V = BSIAVT ][ = + D (= + 3+ 2a)
—(n—j+1)%(n—j+3+3a)]

L, (ADY . . o
c(igrgai 3) D [ il = (py + p)VI = pSIVI)
j=2

= 20 Hun /™1 = (py + p)V/ ™1 — BTV

+ 1% Hun V™% — (py + p)V/ 72 = BST2VI 2] [(n — j + D™ {2(n — j)?
+ (Ba; +10)(n — j) + 2a,% + 9a, + 12}

—(m—-)N{2(n—-j)?>+ (5a; + 10)(n —j) + 6a,% + 18a; + 12}].

6. Results and discussion

To identify the potential effectiveness of the dengue transmission in the Community, the dengue
fractional-order model is presented to analyze its effect in society. That’s why; we have used ABC
with ST, advanced AT scheme, and fractal fractional derivative techniques for fractional-order dengue
model. The various numerical methods identify the mechanical features of the fractional-order model
with the time-fractional parameters. The results of the nonlinear system memory were also detected
with the help of fractional values.
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7. Conclusions

In this manuscript, we have investigated a non-integer order dengue internal transmission model
with the help of the Picard successive approximation technique and Banach contraction theorem. The
arbitrary derivative of fractional order y and a has been taken ABC with MLK. The concerned
results have been handled by coupling ST with mentioned iterative techniques. Also, an algorithm was
developed with AT and fractal fractional techniques for numerical results. Existence theory and
uniqueness for the equilibrium solution are provided via nonlinear functional analysis and fixed point
theory. Global stability of the system was also proved by using the Lyapunov function. The arbitrary
derivative of fractional order has been taken in the ABC and fractal fractional Atangana-Baleanu with
Mittag-Leffler kernel. Non-linear fractional differential equations were raised from the derivative with
the help of a non-singular and non-local kernel within the fractional derivative framework. This kind
of study is helpful for a physician for planning and decision-making for the treatment of the disease.
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