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Abstract: Extended orthogonal spaces are introduced and proved pertinent fixed point results.
Thereafter, we present an analysis of the existence and unique solutions of the novel coronavirus 2019-
nCoV/SARS-CoV-2 model via fractional derivatives. To strengthen our paper, we apply an efficient
numerical scheme to solve the coronavirus 2019-nCoV/SARS-CoV-2 model with different types of
differential operators.
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1. Introduction

In very recent years, the world has encountered with a deadly outbreak due to attack of a strange
virus named novel coronavirus [1]. Initially, the outbreak started in Wuhan city of China, and rapidly
spread to all parts of the world. The deadly infectious disease has already taken lives of thousands
of people around the globe. It could be observed that the virus had hugely effected aged people and
people with chronic health issues. It is believed that the spread is more aggressive in low temperatures;
however, the science behind this has not been found yet. Despite many studies carried out on the origin
and the spread of the virus, the researcher could not determine the exact cause of the spread of the
virus including the finding up the life span of virus on surface. Some people believe that such a virus
is from bats, pangolins, seafood, and others strongly believed the virus is man-made. The spread and
fatality of the Coronavirus has made this world hostile place to live in. The spread of the strange virus
within humans is a clear indication that mankind must have limits to interact with living beings. But
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the precautions taken against the virus prevented the severe spread of virus. Therefore, humans should
take necessary care while interacting with other humans in day to day life. So far, there are many
studies carried out to understand structure, the life span, the mode of transmission, effect on the human
body, in terms of the affluence of temperature, age, etc [2—4]. However, to understand properly the
spread, many researchers attempt to develop a mathematical model using the concept of differentiation
and further some facts were derived through the observation. This observed factual information helps
the mathematicians to come up with a suitable model with a solution that could show the predictable
behaviour of the real-world problem as a function of time. Mathematicians can use this solution to
understand, control, and predict the behavior of the real-world problem for a set of given data and
parameters. In a latest study by Altaf and Atangana [5] suggested a mathematical model could depict
the spread of the novel coronavirus, many factors are considered for the following model. The readers
can refer to [5] to understand more about the variables in below mathematical model.

dsS b,S,(I,+YA,)
=TS, = T S M:
d&, b,S,(I,+¥YA
P _7p oLy r) + b, SM -1 -T,)w,E, — Tpé,E, — a,Ep;
dt Np
dr,
— = =T)w,8, = (7 + a1y (1.1)
dA,
— = T,6,6, — (top + ap)Ap;
dR,
— =T Lyt Ty — 4Ry,
dM
7 = CpIp+€pﬂp_7TM-

Above all these studies suggested with help of the data sources, a reproductive number around 2.4,
which was in good accordance with the value suggested by the World Health Organization(WHO).

Further, fractional calculus plays a pivotal role in the mathematical modeling of many bio-medical
and engineering disciplines. The following is detailed review of literature with references connected
to the study.

e In [6-8], we can see that, new fractional derivatives with nonlocal and non-singular kernel and
their properties.

e In [9-12], there is a vigorous study via numerical and/or computational methods for various
fractional derivatives with nonlocal and non-singular kernel and also for ordinary differential
equations.

e Addressed the integro-differential equations utilizing the Atangana-Baleanu fractional derivatives,
that will have the generalised Mittag-Lefller functions in their kernels and have been studied
extensively. They investigated the existence and uniqueness of solutions to such equations in
Banach spaces using fixed point approach in [13, 14].

e We can see valid discussions and new results on nonlocal functional integro-differential equations
with different kind of approaches such as non-compactness, with impulsive conditions and Hilfer
fractional derivative in [15-17].
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e In [18-20], using the concept of fractional differentiation based on the generalized Mittag-Leffler
function, they presented some interesting simulations.

e Applied various methods such as fractal-fractional Atangana-Baleanunu order,
Atangana-Baleanu Caputo (ABC) derivative and stationary distribution extinction and optimal
control in mathematical modelling for hepatitis B and drinking alcohol in [21-25].

However, the analysis presented in their paper is based on numerical approximation, the numerical
methods have been promising to be effective mathematical tools that could be used where analytical
techniques failed. It is essential that, to note that, the exact solution of given model with its proof
is important to be observed. Therefore in this paper, extended orthogonal spaces are adopted and
established valid fixed point results. Afterward, using fractional derivatives, we present an overview of
the existence of solutions for the novel coronavirus 2019-nCoV/SARS-CoV-2 model. An investigation
of the proposed model’s existence of solutions is presented. Furthermore, we use a numerical approach
to address the proposed model using several forms of differential operators.

2. An extended orthogonal space and fixed points

The accessible collected works show that there is a clear connection between Metric Fixed Point
Theory and many academic fields including but not limited to engineering, sciences, and technology.
One of the clear applications of this is found in the theory of ordinary and partial differential equations.
These equations are used to model real-world problems, thus their exact solutions are requested to be
compared with experimental data. However on many occasions, exact solutions are impossible to be
obtained, thus researchers relied on numerical approximation to provide a numerical solution that can
be used for comparison with data. However, it is at least useful to provide conditions under which the
model has an exact solution, in this case, metric fixed point theory is very useful. Several extensions
or generalizations have been made and extensions have been done to capture problems that are more
complex.

In recent past, Kamran et al. [26] introduced a novel approach to the study of b-metric space as
below:

Definition 2.1 (see [26]). Let S be a non-empty set and p: S XS — [1,0). A function 7 : Sx S —
[0, o) is called an extended b-metric if, for all u, v, w € S, it satisfies

(i). Y(u,v) =0ifand only if u = v;
(ii). (u,v) = (v, u);
(iii). Z(u,v) < p(u, V[Zw, w) + Z(w,v)].

The pair (S, 2) is called an extended b-metric space.

His findings and/or methods also laid the groundwork for the observation of the role of extended
dislocated b-metric [27], extended complex b-metric [28], controlled metric type [29], extended F-
metric [30] and many more (For more info, reader can refer [31-33] and [34, 35].

Definition 2.2. Let S # 0 and L € S X S be a binary relation. If L satisfies the below assertion:
i.e., there exist uy such that for all v € S, v_Lu, or for all v € S, uyLv, then it is called an orthogonal set
(clearly, O-set) and u is called an orthogonal element. We denote this O-set by (S, L).
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Example 2.1. Let S = ‘W. Define the binary relation L on S by m_n if there exist k € W such that
m = kn. It is easy to see that O_Ln for all n € ‘W. Hence (S, L) is an O-set.

Example 2.2. Let A = {1, 2, 3}. Then the power set of A is P(A) = {0, {1}, {2}, {3}, {1, 2}, {1, 3},
{2,3},{1,2,3}}. Define the binary relation L on P(A) by CLD such that ® = C N D. It is easy to see
that 0_LD for all D € P(A). Hence (P(A), L) is an O-set.

Example 2.3. Let S be the set of all peoples in the world. Define the binary relation L on S by u Lv if
u can get novel coronavirus 2019-nCoV/SARS-CoV-2 infection by u. If uy is a person such that
he/she infected by novel coronavirus 2019-nCoV/SARS-CoV-2, then we have uyLv for all v € S.
Thus (S, 1) is an O-set. In this regard O-set, 1 is not unique.

More clearly, If we consider a social network of a particular person:

e Suspectable individuals are blue;
e Contaminated individuals are red hubs.

The huge hub in the outline is a super-spreader, an individual who associates with numerous others,
and along these lines can possibly spread the novel coronavirus 2019-nCoV/SARS-CoV-2 infection.
Two spots are associated by a line on the off chance that they are in contact with one another, and the
more contacts an individual has, the bigger their hub is on the network.
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Figure 1. Reparable stage red hubs indicate virus opposite to blue hubs.

Example 2.4. Let S be the set of all peoples who effected by any one of the listed diseases, so called:
EBOV-Ebola virus, MERS-CoV, SARS-CoV and FECV-feline enteric conronavirus. Define the binary
relation L on S by uLlv if u and v will hit/target the disease module by drug combination for all
u,v € S. According to below given table, Antineoplastic drugs may furnish a synergistic repercussions
in vigorously treating above mentioned EBOV-Ebola virus, MERS-CoV, SARS-CoV and FECV-feline
enteric conronavirus diseases as in Table.1 ( For more about eight potential repurposable drugs, the
reader can refer [36]). Thus, (S, 1) is an O-set.

Now we give the concepts of an extended O-sequence, an extended L-continuous mapping, an
extended O-complete orthogonal space, an extended _L-preserving mapping.

Definition 2.3. The triplet (S, L, 2) is called an extended orthogonal space if (S, L) is an O-set and
(S) is an extended orthogonal space.
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Figure 3. Advanced stage or contaminating stage.

Definition 2.4. Let (S, L, ¥) be an extended orthogonal space. A sequence {u,} is called an extended
orthogonal sequence (shortly, Eo-sequence) if for all n € N, u,, Lu,,; (or) n € N, u,,; Lu,

Definition 2.5. Let (S, L, &) be an extended orthogonal space. Then a mapping y : S — S is said to be
an extended orthogonally continuous (shortly, &, -continuous) in u € S, if for each Ep-sequence {u,,} in
S with u,, — u as n — oo, we have y(u,) — y(u) as n — co. Also y is said to be &, -continuous on S if
X is &, -continuous in each u € S.

Remark 1.1. Every continuous mapping is &, -continuous and the converse is not true.

Definition 2.6. Let (S, L, Z) be an extended orthogonal space. Then S is said to be an extended
orthogonally complete (shortly, Eg-complete) if every Cauchy Ep-sequence is convergent.

Remark 1.2. Every complete extended space is Ep-complete space and the converse is need not to
true.

Definition 2.7. Let (S, L) be an O-set. A mapping y : S — S is said to be L-preserving if y(u)Ly(v)
whenever uLv. Also, y : S — S is said to be weakly L-preserving if y(u) Ly (v) or y(v) Ly (u) whenever
ulv.
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Figure 4. Repair is impossible but we can see how red exceeds blue in doubling size and

number.
Table 1. Potentially Repurposable Drugs vs Reported Antivirals [36].
Drug Name Structure  Known Indications Reported Antiviral Profiles
Toremifene v Antineoplastic Ebola virus (shortly, EBOV)
Camphor Antipruritic Swine Flu-HIN1
Toremifen ¥ Antineoplasti Middle East respiratory syndrome-related coronavirus
oremtene copiastic (shortly, MERS-CoV/EMC/2012)
1
Equilin Estrogen Zaire Ebola virus Glycoprotein (shortly, ZEBOV-GP)
. ! . . Severe acute respiratory syndrome-related coronavirus
Toremifene Antineoplastic (shortly, SERS-CoV))
Emodin Anthroquinones Hepatitis-B-Virus (shortly, HBV)
I
Toremifene ' Antineoplastic Feline Enteric Coronavirus (shortly, FECV)
Oxymetholone Anabolic Steroid Human Immunodeficiency Virus (Shortly, HIV)
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Theorem 2.1. Let (S, L, ) be a complete extended orthogonal space. Suppose that .77 : S — S is an
&, -continuous mapping such that the following assertions hold:

(i) there exists 0 < k < 1 such that 2(7u, 7#v) < kP (u,v) for all u,v € S with u_Lv and for each
ng € S, 1imy, oo Uy, ) < 1, here u, = A" ug, n=1,2,3...

(ii) 27 is &, -preserving.

Then .77 has a unique fixed point in S. Also the picard sequence {.7/"u,} converges to the fixed
point of 7.

Proof. From the definition of the orthogonality, it follows that uy L. 77 (uy) or ¢ (uy) Luy.
Let,

up = Hug, uy = Huy, = Ay,

M3Z:%M2:%2u1:%3ug,

u, .= Hu,_; = H"uy, forall n € N U {0}.

If u,» = wuyeyy for some n* € N U {0}, then u,- is a fixed point of .7 and so the proof is completed.
So, we may assume that u, # u,,; for all n € N U {0}. Thus we have Z2(5¢u,, 7 u,,,) > 0 for all
n € N U{0}. Since 77 is L-preserving, we have u, Lu, | or u,, Lu, for all n € N U {0}. This implies
that {u,} is an Ep-sequence.

Consider,

@(%un’ %unﬂ) = @(%un—la %un)
< kD(Hu,_y, 7 u,)
S IKED( Ay, H 1) @.1)
< K'9(Huy, #u,), foralln € N

By triangular inequality and Eq (2.1), we have,

-@(um um) = H(um um)[-@(%um %urwl) + 9(%Mn+la t%ﬂum)]
< l-l(um um).@(%un, %un+l) + H(un’ um)“@(%un-i-l’ %um)
< ll(un, ”m)@(%um %unﬂ) + l,l(l/tn, um)ll(un+1’ um)[@(%unﬂa jf”n+2) + @(%M,H_z, t%ﬂum)]

< l'l(un, um)kn@(%u()a %ul) + l't(un’ um)ll(un+l9 um)kn+ll-l(u0a ul)
+ o + ll(um um)ll(unﬂ » um)ll(un+2a um) ----- ll(um—27 um)ll(um—l s um)km_] @(%MO’ <%ul)

Mathematical Biosciences and Engineering Volume 18, Issue 6, 8683-8726.
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This will leads to,
-@(una um) < 9(”0’ ul)[y(un’ um)kn + l—l(un» um)H(un+la um)kn+l
+ . + H(una um)y(unﬂ > Mm)ll(un+2a um) ----- ll(um—l P um)km_l]
< .@(l/t(), Ml)[H(Ml, um)ll(u% um)"“ll(un—la um)ll(una um)kn (22)
+ l-l(ul’ um)ﬂ(”% um) ----- l-l(un, um)l'l(un+1’ um)knJrl + ...
ety U U2 U)o U2y U) (U1 U)K
Since 1im,, 00 (11, )k < 1, the series 2 k"TT? | p(u;, u,,) converges by ratio test for each m € N.
Let
S = L2 KL g, uy,)
S, = L2 KT pus, )
Thus, for m > n, above inequality (2.2) implies

g(un’ um) < 9(”0’ ul)[Sm—l - Sn]

Letting n — oo, it follows that {u,} is a Cauchy &Ep-sequence in S. Since S is Eo-complete, there exists
u* € S such that u, — u* as n — oo. Since 7 is &, -continuous, we have,

Hu* = A (lim Hu,) = lim u,. = u*

and so u* is a fixed point of 7.

Next we prove the uniqueness of fixed point of 7.

Assume that u* is an another fixed point of 7. If u, — u* as n — oo, we have u* = u*. If u, does
not converge to u* as n — oo, there is a subsequence {u,, } such that

Hu,, #u", forall @ e N. (2.3)

By the choice of uy, we have ugLu* or u* Luy. Since 77 is &, -preserving and ¢"u* = u* for all
n € N, we have 7" uyLu* or u* L7 "u, for all n € N.
Consider,

DA uy, u*) = D(F" uy, " u*)
<K'YDug,u") foralla e N

This implies that Z(""*uy, u*) — 0 as n — oo since uyLu*, which is a contradiction to Eq (2.3).
This yields u, — u* as n — oo. Hence u* = u*. Thus 7 has a unique fixed point.

Example 2.5. Let S = [0, 00). Define 2 : SXS > Rt and u: S XS — [1,00) as D(u,v) = (u — v)?,
pu,v) =2u + 3y +5forallu,v €S.
Consider the sequence {A,},cy defined as A, = £2(2n + 1)(n + 1) for all n € N U {0}.

Define a relation L on S by ulv & uv € {u,v} C {A,}. Thus (S, L, Z) is Ep-complete space. Now
define a mapping .7 : S X S by

A ifAy<u<A
%u:{o AU 1

A”"(A"*A‘ _ffrAA"(”_A") if Ag<u<A,, foreachn >1
n+ n

Mathematical Biosciences and Engineering Volume 18, Issue 6, 8683—-8726.
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It is easy to see that 77" is &, -continuous and .77 is &, -preserving.

Let u,v € S with uLv and Z(5u, 7¢v) > 0. Without loss of generality we assume that u < v. This
implies that u € {Ag, A;} and v = A, for some i € N\{1}.
Then,

D(Hu, Hv)  D(No, HON)

Du,v) DA A)
@(AO Al;l(AHl_Ai)"'Ai(Ai_Ai))

A1 —A;

D(Ao, A)
_ D(Ao, Aiy)
I
(Mg — ALy
C (Ao- A

(A1) (24)

)

(i-1)2Q2i-1)%
36

(i+1)2Qi+1)22
36

(- 1)2(2i = 1)?
O+ D220+ 1)?
< k ; where k € (0, 1)for all i € N\{1}

Thus Z(7u, 7#v) < kZ(u,v). Therefore, all the assertions managed by above theorem satisfied and
so 2 has a unique fixed point u = A,.

By applying various setting on above Theorem 2.1 we may get below corollaries. For suppose, if
we consider u(u, v) = b(> 1), then we can reduce above theorem to below corollary.

Corollary 2.1. Let (S, L, Z) be a O-complete b-metric space. Suppose that 5 : S — S is an L-
continuous mapping such that the following assertions hold:

(i) there exists 0 < k < 1 such that 2(7u, 7#v) < kP (u,v) for all u,v € S with u_Lv and for each
no € S, 1imy, oo Dy, thy) < 1, here u, = A" ug, n=1,2,3...

(ii) J7 is L-preserving.
Then 7 has a unique fixed point in S.
If we consider u(u,v) = 1, then we can reduce above theorem to below corollary.

Corollary 2.2. Let (S, L, Z) be a O-complete metric space. Suppose that 5 : S — S is an L-
continuous mapping such that the following assertions hold:

(i) there exists 0 < k < 1 such that 2(u, 7#v) < kP (u,v) for all u,v € S with u_Lv and for each
ng €S, 1imy, o0 Uy, ) < 3, here u, = A" ug, n=1,2,3...

(ii) 77 is L-preserving.

Then 57 has a unique fixed point in S.

Mathematical Biosciences and Engineering Volume 18, Issue 6, 8683-8726.
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3. Existence of solutions for novel coronavirus 2019-nCoV/SARS-CoV-2 model in fractional
scenario

Although humans have advanced their technologies and their medicine to protect the mankind, it is
important to note that there are still diseases that continue to spread across the world that up to now
humans have not found a permanent solution to eradicating these diseases. A few examples can be
noted including HIV, malaria, Ebola, and other well-known infectious diseases that continue to take
much life daily. In addition to these existing diseases, humans continue to be surprised by new ones that
lead them to double their efforts to make their environment more saver, however, diseases are known
to be the main source of death across the world. For example, information released by the WHO in
2001 indicated that diseases have added 26% of global mortality. From 2003, the world has witnessed
arise of different types of viruses for example SARS-CoV in 2003, Mers-CoV in 2012, Ebola in 2014,
and now SARS-CoV-2 and others that are not listed here. Researchers from different backgrounds
have investigated the biological structures, mode of transmission, and life span of these viruses. On
the other hand, to protect life and livelihood medical bodies have developed several vaccines that could
help prevent the spread of these diseases. Nevertheless, to have an idea of what could happen in
a near future, mathematicians have developed some mathematical models that could be used first to
provide the reproductive number of these diseases, second to predict the numbers of infected, recovery,
and death cases. This was also valid with the breakout of the new virus known as covid-19, several
investigations have been done, vaccines have been developed and some mathematical models have been
proposed in the last two years with the aim to predict future behaviors of the spread. It’s important
to note that the use of mathematical modeling in the analysis of epidemiological disorders has risen
significantly. In this work, we propose solutions for fractional-order models of the novel coronavirus
2019-nCoV/SARS-CoV-2.

3.1. Existence of solution for novel coronavirus 2019-nCoV/SARS-CoV-2 model via
Atangana-Baleanu fractional integral operator

LetS ={A e CU,R): A(t) >O0forallr € I =[0,5], 7 > 0}. Define the orthogonality relation L
on S by ulv & u(t)v(t) > u(t) or u(t)v(t) > v(t) for all t € I.
Define a mapping & : S XS — [0,00) and p: S X S — [0,00) as Z(u,v) = [u —v| for all u,v € S.

Mathematical Biosciences and Engineering Volume 18, Issue 6, 8683-8726.
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Then (S, L, 2) is a O-complete metric space. Define a mapping 7 : S X S by,

A1) = S,0) + — %&)A(t S, + m /O t Ao, S,)(t - 0)* do

HENN) = E)0) + — %)(//\\ )B(t ,E,) + m /0 IB(Q, &)t — o) do

ATy )= T,0)+— %(//\\)C(t I,)+ m /0 Clo Tt - 0 de .
H A1) = A0) + P %&)D(t Ap) + m /0 tD(Q,ﬂp)(I—Q)A_IdQ |
HR,(t) = R,(0) + ﬂ; %6\ )E(t R, + m /0 t E(o, R,)(t — 0)*'do

HM0) = M)+ ——CsF e M) + —— s | Flo, Myt - 0 do

Then, we see that 77 is L-continuous. Now we show that 7 is L-preserving. For each u,v € S with

ulvandt € I, we have,

JS,(t) = S,(0) +

o B(N)

>

It follows that,
L-preserving.

(S, (D[S, (1)]

AA(S)

[€S,(1)] and so [JS,(1)] L[S, (1)].

AT o
o B(N(A) /0 A0, Sp)t—0)" do 2 1

Then 7 is

In this section, by using Corollary 2.2, we prove the existence and uniqueness of solutions of Eq (3.1)

provided the following conditions satisfied:

D 1A®1, Sp) — Az, Sp)l < 1S,(11) = Sp(B)];

AKS))
2) |—*F

<1;

3) 1} = 1 < 1S,(1) = Syt

(1-A)T(A)+A

4) T BNTA)

<7y; where 0 <y < 1.

Mathematical Biosciences and Engineering
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Now consider,

1-A A h
| S, (1) — IS ,(tr)] = |S,(0) + %%(A)A( 1,Sp) + m/o Ao, S,)(t — o) 'do
1-A A o
-S,(0) - M@(A)A(h’ S,) - m/o Ao, S))(t — )" do
<|L=A s ;/”A S\t - oy*d
1 - A " A1
1-A - A
< mA(tl’Sp) d%(A)A(fz S,)

AN oA, N & A
+l£f@(A)F(A)/ A(Q’Sp)(tl 0)" do JZ%@(A)F(A)/O A(Q,Sp)(tz 0) dQ|

'IA(tl, Sp) — A, S))l

<
%%(A)

13

— s A-l ; A-1
+|m@(A)F(A) A, S,)t — ) de - /0 A, S,)(t — 0) d@‘

'IA(tl, Sp) — A1, S))l

(t — o)

l;zﬁ%(z\)

(&2 — Q)Ar

] - Ao, Sp)[ —

0

* Lz{@(A)F(A) H G S”)[

This can be reduced in to:

0

Sy (t1) = AS)(1)] < A1, S)p) — A2, Sp)l

'%%’(A) l
o i
A(Q, Sp)X - A(Q’ Sp)X

* ‘%@(A)F(A)

—A
< |£{<@(A)|IA(I1,S,,) - A1, S)p)l
A, S))

+|£{@ QA”(t?—tzA)

(1 — AT(A) + A
= ' o BINT(A) (72
< KS,(t) = S,(1)l

Therefore,
| S, (1) — Sy ()| < kIS, (1) — Sp(t2)l. (3.2)

By following the same pattern as above, we get,

|Ey (1)) — HEN1)] < kIE(11) — Ep(B);

Mathematical Biosciences and Engineering Volume 18, Issue 6, 8683-8726.
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| AL, (1) — HT ()] < KIL (1) — 1 (1)l
| A1) — A ()] < kA, (1) — Ap(1)l;
| AR, (1) = FR,(12)] < kIR, (1) — Rp(12)];
|7 M, () — M, ()] < kIM,(11) = My (8.
From Eq (3.2), we can write, Z(J°S,(t1), 7S ,(t2)) < kD(S,(t1), S,(t2)). Similarly, we can get,
DHEY 1), HE(1)) < kD(E(11), Ep(12));
D(HT (1), T (1)) < kDT (1), 1 p(12));
DA A1), A1) < kD(AL(1), Ap(12));
D(HRy(11), HRy(12)) < kD (R,(11), Ry(12));
DI M(11), T Mp(12)) < kDM, (1), My (12)).

Hence the system of novel corona virus model gratified all the assertions of Corollary 2.2. Hence Eq
(3.1) has unique fixed point. Thus Eq (3.1) has a unique solution.

3.2. Existence of solution for novel coronavirus 2019-nCoV/SARS-CoV-2 model via Caputo-Fabrizio
fractional derivative operator

In this section, we replace Atangana-Baleanu derivative with Caputo-Fabrizio fractional derivative
and generalized model (1.1) in the following way:
b,S,(I,+¥YA,)

Ny

“TpeS,=1,-a,S, - - b,S;M;

b,S,(I,+¥YA,)
Ny
YT, = (1= T)w,E, — (T, +a)I
CTDVA, = Y6, — (Toy + ) Ay;
(‘(’”’?Z)‘@Rp =1,0, + T9pA, — a,R,;
CTDOM=c,I,+e,A, — M.
By applying fractional integral operator, we convert model (3.3) into below integral form:
b,S,(I,+YA,)
Ny

“TDYE, = + b, SyM = (1 = T w,E, — T,€,E, — a,E);

(3.3)

S,(t) - S,(0) =7 7¢ [Hp -a,S, - - bWS,,M];

bySy (I, +¥A,)
N p

I,(t)—1,0)=%7 ﬂ’[(l CT)w,E, — (1, + a,,)f,,];

&,(1) — £,(0) =7 ﬂ[ FhySM— (1= T)w,Ep — TobrSy — 4,6 :

(3.4)

A1) — A0) =7 77|0,6,8, - (rg, + ap)ﬂ,,];

R, (1) — R,(0) =7 79|7,T, +19,A, — a,,R,,];

My(t) = My(0) =7 79 [c,,z‘,, e, A, - ﬂM].
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LetS={A € C(,R): A(t) > 0forallt € I =[0,5], 7 > 0}. Define the orthogonality relation L
on S by ulv & u(t)v(t) > u(t) or u(t)v(t) > v(t) forall r € I.
Define a mapping Z : S XS — [0,00) and p: S X S — [0,00) as Z(u,v) = |u — v|* and p(u,v) =
u(t) + v(t) + 2 for all u,v € S. Then (S, L, Z) is a complete extended orthogonal space. Define a
mapping 77 : S X S by,

S (1) = %A(I,Sp(t))+ %?A) /0 tA(ﬁ,Sp(ﬁ))dﬂ

HE(1) = %B(I,Sp(t))+ @[(\A) /0 tB(ﬁ,Sp(ﬂ))dﬂ

AT (1) = %C(I,Sp(t))+ 9;(\[\) /0 tC(ﬂ,Sp(ﬂ))dﬂ s
A1) = %D(r,s,,(r)ﬂ %/(\A) /O [D(ﬂ,Sp(ﬂ))dz? |
HOR(t) = %D(r, S, (1) + ﬁ/\) /0 t E(9, S,(9))dd

M, (1) = %P(t, S, (1) + % /O t F(®, S, (9))dd

Then, we see that .77 is &, -continuous. Now we show that .77 is &, -preserving. For each u, v € S with
ulvandt € I, we have,

A
BN)

1-A f
H S0 = S S, 0) + /O AW, S,(9)dd > 1

It follows that, [JZS,, ()][F€S,,(1)] > [FS,,(1)] and so [HZ'S, ()] L[FZS,, (t)]. Then 7 is &, -

preserving.
In this section, by using Theorem 2.1, we prove the existence and uniqueness of solutions of Eq
(3.5) provided the following conditions satisfied:

D AW, Sy, (0) = Alt, Sp, P < IS, (1) = S, (O

2
2) (lézxz)rz) <&, where 0 <é<1
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Now consider,

|5 Sy, (1) = HS,, (D =

[

- |7

_[I—A2

YN
< &S, (1) -

Mathematical Biosciences and Engineering

A(t S, () + / AW, S, (9)dd

%’(A) B(N)

2

%’(A) AL, S), (1) - %(A)/A(ﬂ Sp, ())d?

ALS,, (1) - Alt, sz(t»)

2

/ (A, Sy, 9) ~ AW, S,, B

93(1\)
A, (1) - Alt, S,,z(r»)

2

t 2
[ /O (A, S,,(9)) - A, Smw»)dﬂ]

|5

—A
+ 2|%(A(t, S, (1) -

A, S, (D)

8 B(N) [ /o (AW, Sp, (D) — AW, S, (0)))d0”

l—A

p1 >~ p2

2 2

= A(ﬁ, Spi () = AW, S, (1))

t
IRG
0

2
)

(1-AA
(93 (A))?
1-AP

+2 A, S, (D) -

»Ops

Pi >~ P2

g 4| >~ p2

(1-AA
(B(N))*
1-AP
=|2m

2
+2 @®

AL, Sp, (1) -

>~ p2

- S,

P1

pP1
(1 MDA
(B(N))?

P2

|Sp| (t) - sz(t)lzt

LA th 2(1 = A)A
B(N) (B(N))?

IS, (1) — S, (1)

IS, () — S, (O

(1 7 S| )
S, (0

Volume 18, Issue 6, 8683-8726.
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Therefore,

| S, (t) = HS,,(OF < €S, 0 - S, ). (3.6)

By following the same pattern as above, we get,

| Ep, (1) = HEp, (DI < I8, (1) = &, (DI

AL, (0) = AL, () < AL, (1) = 1, (1)

|5 A, (1) = H Ay, (OF < EA,, (1) = Ay, (D (3.7
R, (1) = AR, (OF < ER, (1) = Ry (1)

|5 My, (1) = My, (OF < EM,,, (1) = M, (0.

From Eq (3.6) we can write, Z(JS,, (1), 7S,,(1)) < ED(S,, (1), S,,(1)).
Similarly,
DI E,, (1), HE,(1) < ED(E, (1), Ep, (1)),

DAL, (), 1L, (0) < EDTp, (1), 1),(1));
DA A, (1), A Ap,y (1)) < ED (A, (1), Ay, (1));
DI Ry, (1), R, (1)) < ED (R, (1), Ry, (1))
DM, (), M, (1) < ED(M,, (1), M,,(D).
Hence the system of novel corona virus model gratified all the assertions of Theorem 2.1. Hence Eq

(3.5) has unique fixed point. Thus Eq (3.5) has a unique solution.

3.3. Existence of solution for novel coronavirus 2019-nCoV/SARS-CoV-2 model via Caputo
fractional derivative operator

LetS ={A € C(,R): A(t) > Oforallt e I =[0,],7 > 0}.
Define the orthogonality relation L on S by ulv & u(t)v(¢) > u(t) or u(t)v(t) > v(t) for all ¢ € I.
Define a mapping & : SX S — [0,00) and u: S XS — [0, 0) as Z(u,v) = |u—v| for all u,v € S. Then
(S, L, Z) is a O-complete metric space. Define a mapping 77 : S X S by,

1 t

H'S,(H) = S,0) + T /O t-" AT, S,,Ep, Iy Ay Ry, My)dT
1 t

HE,(t) = E,00) + A /0 (t-"'B, S, &), I Ay Ry, M)t

1 t
JCT () = 1,(0) + m /o (t - )M Cr, S,.Ep, 1y, A, Ry, M,)dT
(3.8)
1 t
%ﬂp(t) = ﬂp(o) + m /0 (t - T)A_ID(T, Sp’ 817’ Ip, ﬂp, Rp, Mp)dT

1 t
HR,(1) = R,(0) + T /O (t- " 'Ex,S,,Ep, Iy Ay, Ry, My)dT

1 t
T M, (1) = M,(0) + ™ /0 t-"'F, S, 8, Ly Ay Ry, My)dT
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Then, we see that .77 is L-continuous. Now we show that 7" is L-preserving. For each u,v € S with
ulvandt € I, we have,

HS, (1) =8,(0) + —— T / t-" AR, S,,Ep, Iy Ay Ry, Mp)dr > 1

It follows that, [ZS, (O[S, ()] > [FS, (1] and so [ZS, (D] L[S, (1)]. Then 7 is L-
preserving.

In this section, by using Corollary 2.2, we prove the existence and uniqueness of solutions of Eq
(3.9) provided the following conditions satisfied:

1) |A(T’ Spl 4 8171 4 IPI 4 ﬂ[’l 4 Rl’l > Mm) - A(T’ Sm’ 8[’2’ Ipz’ ﬂpz’ Rl)z’ MP2)| < |SP1 (t) - sz(t)|
2) mi <p. where 0<p <1

Now consider,

| S, (t) — HS,,(t)| = / - AR S,,,Ep s L pys Ay, Ry s M,y )dT

F(A)

F(A) / (t T)A 1A(T SPZ’ 81’2’ IPZ’ ﬂpz’ RPP MPZ )dT

= ‘m(A(T Spl’gm’fpl’ﬂpl’ﬂm’ MPI) — A(T, sz’apz’fpz’ﬂpz’sz’ Mpz))

t
X/(I—T)Ald‘r
0

< |(A(r, Spl s 8[)1 ) IPI s Apys RPI > MPI) — A(t, sz’ 8[}2’ Ipz» Ap, » sz’ Mpz))l

1 t A-1
X ’m/(t—'[') dr

= AT Sy Epis L s Ay Ry Myy) = AT, S,,Z,SPZ,Ipz,ﬂpz,sz,Mm))l'
tA

TTA+ D)

< PISy (1) = S, (D)

AT(A)‘
KA(T’ Spl 4 8[71 > IPI > ﬂpl g RPI > MPI) - A(T’ S,Dz’ 8;’2’ Ipz’ ﬂpz’ sz’ Mpz))l

Therefore,
|FS,, (1) — HS,, (D] < pIS,, (1) = Sp, (). (3.9)

By following the same pattern as above, we get,

|AE, (1) — HE, (D] < plE,, (1) — Ep, (D]

| AL, (t) = HTL,, (O < plL,, (D) = 1,0

| A, (1) = H A, (D] < plA,, (1) — Ap, (D)]; (3.10)
| AR, (1) = HR, (D] < pIR,, (1) = Ry, (D]

|7 M, (1) — M, ()] < pIM,,, (1) = M, (D).
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From Eq.(3.6) we can write, Z(JS,, (1), 7°S,,(t)) < pZ(S,,(1), S,,(t)). Similarly,

DI Ep, (1), HEp, (1) < pD(Ep, (1), Ep, (1))

DAL, (1), KT, (D) < pDT (1), 1, (D))

DA A, (1), H Ap, (D) < pD(Ap, (1), Ap, (1)

DA Ry, (), R, (1) < pD(Ry, (1), Ry, (D)

DA M, (1), M, (D) < pD (M, (1), M, (D).

Hence the system of novel corona virus model gratified all the assertions of Corollary 2.2. Hence Eq
(3.9) has unique fixed point. Thus Eq (3.9) has a unique solution.

4. Numerical experiments for novel coronavirus 2019-nCoV/SARS-CoV-2 model via various
fractional derivatives

4.1. Atangana-Baleanu fractional derivative sense

It has been recognized that dynamical spread exhibits nonlocal behaviors resembling processes like
that of a power-law, fatigue, and crossover. These patterns are well described by some mathematical
functions, for example, the power-law function is known to replicate power-law behaviors as time
and power change. The fatigue effect can be well explained using an exponential decay function.
The generalized Mittag-Leffler has been recognized to depict a passage from stretched fatigue effect
to power-law. From these functions and the convolution, concepts of fractional differentiation and
integration have been introduced and applied in many problems in the last decades. In this section, we
investigate the model of 2019-nCoV/SARS-CoV-2 using differential operators based on the generalized
Mittag-Leffler kernel.

DS )0 = A S8y T Ay Ry M)
7D = B, S 8. T o Ay Ry M)
7 ODIT N0 = O, S8y Ty Ay Ry My)
7 DA = D S, 8y Ty, Ay Ry M)
D R0 = E(t, S, 85, Ly Ay Ry M)
o DM =F (. S, 8p. T, Ap Ry My)
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8701

The novel coronavirus 2019-nCoV/SARS-CoV-2 model further can be written as:

HS, (1) = S,(0) + %1 %&)A(t S,) + m /0 t Ao, S,)(t - 0)* do
HE) = E)0) + — B8+ s /0 'B(o.6,)t — o) do
AT (1) = I,(0) + ; = (’/\\)C(t, I,)+ m /O o T Pt =0 do )
A A1) = AL0) + ﬁ; %(//\\)D( Ay) + W)F(A) /0 t D(o, At — 0)*'do |
HR) = Ry0) + BB Ry) + —— s /O B0 R,)(t — 0 do
HEMO) = M)+ — S Bl M)+ — s /O Flo, M)t - 0 do
Hence we only consider the t = At(n + 1) = ¢,,1,
HS)ltrer) = Syli) + — %,(AA)AO S+ m ; / " 0.8ty — 0 g
HE ) = Eylto)+ O BLS)) + — s ), / " B0.8)) (01 — 0o
HL 1) = Ifto) + -0 Cl0.Sp) + s Zz / C(0. 8,1t - 0 do -~
T A (tas1) = Ap(to) + ;?&)D(t, S,) + m ;Z /t " D(o, S,)(tus1 —0)"'do 7
HRy 1) = Roft0) + ——LSB1.5,) + m Z / " 50,8101 — 0" o
My t2) = Myft0) + (1. S + m Z / " B0, 801 — 0 do
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Applying the method to our system, we get

Sp(tn+l) = Sp(()) + A(tna Sp,n, 8p,n» Ip,n, ﬂp,rn Rp,n» Mp,n)

A B(N)
A AN
+ JZ{%(A) [F((A 3_ 1) Z A(IO'—Z’ Sp,O'—Za 81),0’—2’ ‘Z-p,(T—Z’ ﬂp,(T—Z’ ﬂp,o‘—2’ Mp,o‘—Z):l
o=2

X[(n—o+D»=m—-o0)"]

ks H[A(t SpertsEnerts Lot Aprt- ot Mprt)
L(A +2) L[t OpemteCpote Zponty Hpots Bpot Aipo-]
— A(to'—Za SP,G'—Z’ 8[),0-—2, -Z-p’o'—z, ﬂp,a’—z’ R[),O’—Za MP’O'_Z)]
x[n—-c+D*n-0c+3+2A) - —-0)*(n-o0+3+3A)]
(AN <

+ — Ato-,S 0-,8 O"I g-,ﬂ O',R () a
2F(A+3) 0-:2|: ( ps P> P P, P> MP’)

- ZA(I(T—I > Sp,o‘—] s 8p,0'—1 > Ip,o‘—l > ﬂp,o’—l > Rp,(r—l > Mp,o‘—l)
+ A(t(r—2, Sp,a'—Z’ 8[1,0’—2’ Ip,a'—Z, k?(p,a'—Z» Rp,(r—29 Mp,o‘—Z)]

X [(n —o+ DM2(n—0)? + BA + 10)(n — ) + 2A% + 9A + 12}

— (= M2 — o) + (5A + 10)(n — o) + 6A2 + 18A + 12}]

1-A
8p(l‘n+1) = ap(o) + MB(ln’ Sp,n, 8p,n7 Ip,na ﬂp,l’l’ ﬂ1/),}1, Mp,n)

A (AN ¢
+ %%(A) [F(A + 1) O—Z; B(ZO'—Q’ SP,O'—Z, 817,0'—2’ Ip,a'—Za ﬂp,o’—Z’ RP,O'—Q’ Mp,(T—Z)]

X[n—o+ D" =(m-o0)

B(ta'—l ) Sp,(r—l ’ 8p,o-—1a Ip,o-—la L7{p,o'—l’ Rp,(r—l ’ Mp,o'—l)
=2

- B(l(,-_z, Sp,a'—z’ 8[1,(1‘—2, Ip,(r—l» ﬂp,a‘—Z’ Rp,(}'—2a Mp,(r—Z)]
X[n—oc+D*n-0c+3+20)—(n—-0)*(n—0+3+3A)]

AN O
L [B(ta’ Sp,(n 817,0', Ip,0'9 ﬂp,aw Rp,a‘» Mp,o’)

o=2

- ZB(ta—l > Sp,O'—l B 8p,0’—1 ’ Ip,O'—l ’ ﬂp,o’—l’ Rp,(r—l > Mp,a’—l)
+ B(tO'—Za Sp,(T—z’ 817,0'—2, -z-p,(r—l’ ﬂp,o‘—% Rp,o-—Za Mp,o‘—Z)]

X [(n —o+ DM2(n—0)? + BA+ 10)(n — ) + 2A% + 9A + 12}

(=) 2= ) + (5A + 10)(n — o) + 6A2 + 18A + 12}]
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1-A
Ip(tn+l) = Ip(o) + mc(tn’ Sp,m 8p,n, Ip,m ﬂp,na Rp,m Mp,n)
A (AN <
+ JZ{%(A) [F(A + 1) O—Z:; C(ta'—Z’ Sp,o-—Za 8p,0’—2, Ip,(r—Za ﬂp,o-—Z’ Rp,a’—Z’ Mp,o’—Z)]

X[n—o+D»=m-0)

(AD* <
+ F(A + 2) 0—22 I:C(to-_l’ Sp,()’—l, 8[7,0'—15 Ip’g'—], ﬂp’o-_l, Rp’o-_l, M]?,O'—l)
- C(lO'—Z, Sp,(T—Z’ 817,0'—2’ Ip,o‘—Z’ ﬂp,o‘—Za Rp,o'—Zv Mp,o‘—Z)]
X[(n-—c+D)*n-0+3+2A) - (n-0)*(n-0+3+3A)]
(A <

l(T’ (o) (o) toxt) o) o o
" 2I'(A + 3) po [C( Sp’ 817, ‘Z-Ps ﬂp, Rp, Mp, )

- ZC(IO'—I s Sp,a'—l s 8p,0'—1a Ip,(r—l P ﬂp,(f—l s Rp,o-—la Mp,a'—l)
+ C(tO'—Z, Sp,o‘—Z’ 817,0'—2’ -Z-p,O'—Zv ﬂp,o‘—Za Rp,o'—Zv Mp,(T—Z):l

X [(n —o+ DM2m - 0)* + BA + 10)(n — o) + 2A% + 9A + 12}

—(m=)M2(n-0)* + (5A + 10)(n — o) + 6A% + 18A + 12}]

1-A
ﬂp(tnﬂ) = ﬂp(o) + —D(tn’ Sp,n’ 817,11’ Ip,n’ ﬂp,n’ Rp,l’la Mp,n)

o B(N)
A (AN &
+ d%(l\) [F(A N 1) a-z:; D(IO'—Z’ Sp,O'—Z’ 8[),0’—27 Ip,a'—Za ﬂp,O'—Z, Rp,o’—Z’ Mp,(T—Z)]

X[n—o+D»=(m-o0)

(A" <
F(A + 2) — [D(t(r—la Sp,o'—l’ 8p,o-—la Ip,o'—la ﬂp,o-—l’ Rp,o-—l, Mp,o’—l)
- ]D(l(,-_z, Sp,(r—Za 8[),0'—2, Ip,(r—Z’ ﬂp,a’—Z’ Rp,(r—Z, Mp,o‘—Z)]
X[(n—o+1Dn—-0+3+2A)—(n-0) (n—0c+3+3A)]
(A [
AT A . AN Dto-’S 0'98 a'»I a"ﬂ 0'9R o o
2F(A + 3) — ( P> P P> P> P Ml’, )

- 2D(t0'—1 » Sp,O'—l s 8p,0'—1 ’ Ip,a—l’ ﬂp,(r—l’ Rp,(r—l ’ Mp,a’—l)
+ D(tO'—Za Sp,a'—Z’ 8p,o-—l, Ip,(r—z’ ﬂp,a’—z’ Rp,o-—Z, Mp,O'—Z)]

X [(n —o+ DM2(n— o) + BA + 10)(n — ) + 2A% + 9A + 12}

(= M2 — o) + (5A + 10)(n — o) + 6A2 + 18A + 12}]
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1-A
Rp(tnﬂ) = Rp(o) + mE(tn, Sp,m 8p,na -Z-p,m ﬂp,na Rp,n’ Mp,n)

P [(At)AiEa Spo2:Epos L yoss A2, Ryo2s M )]
eQ{;@(A) F(A+ 1) £ -2 p,oc-2,Cp,o-25~ po-2» p,o—=2s I\p,oc—2> p,o—2

X[n—o+D»=m-0)"

(A™
+ m Z [E(to'—la Spor-1:Cpo-1>d po1, Ap o1, Rpo-1, Mpor-1)
- E(tO'—Z’ Sp,(T—Z’ 817,0'—2’ Ip,o‘—Z’ ﬂp,a’—Za Rp,o‘—ls Mp,o‘—Z)]
X[n—oc+D*n-c+3+2A) - -0 (n—o0+3+3A)]
AN O

E l(f’ (] (o) foxt) o o o
" 2I'(A + 3) 0:2[ ( Sp’ 81’, ‘Z-Ps ﬂp, ﬂp, Mp, )

- 2E(t0'—1 s Sp,a'—l s 8p,o-—1a Ip,(r—l s ﬂp,a—l s Rp,o-—la Mp,a'—l)
+ E(tU—Z’ Sp,o‘—Z’ 817,0'—2’ -Z-p,O'—Z’ ﬂp,a’—Za Rp,o‘—% Mp,(T—Z):l

X [(n —o+ DM2m-0)* + BA + 10)(n — o) + 2A% + 9A + 12}

—(m=)M2(n-0)* + (5A + 10)(n — o) + 6A% + 18A + 12}]

I1-A
Mp(tn+1) = Mp(o) + —P(tn, Sp,n’ 8p,n’ Ip,na ﬂp,n, Rp,n’ Mp,n)

o B(N)
A (AN ¢
+ ﬂ%(l\) [F(A N 1) GZ:; F(ta—Za Sp,O'—Z’ 81),0'—27 Ip,(r—Za ﬂp,O'—Z, Rp,o’—Z’ Mp,O'—Z):|

X[n—o+D»=m-o0)]

n
[F(tcr—l ’ Sp,o'—l ’ 8p,(r—la Ip,(r—la ﬂp,o-—l ) Rp,o-—l, Mp,a'—l)

o=2

- IF(l‘(r—b Sp,(r—Za 8[),0'—2» Ip,<r—2’ ﬂp,a’—Z’ R[J,(J’—Z? Mp,(r—Z)]
X[(n—o+D*n—-0+3+2A)—(n-0) (n—0c+3+3A)]
AN ¢
L I:IF(tO" Sp,(r’ Sp,a'» Ip,a', ﬂp,m Rp,o-» Mp,cr)
=2

- 2F(t0'—1 » Sp,a'—l s 8p,0'—1 ’ Ip,O'—l B ﬂp,(f—l B Rp,(r—l ’ Mp,a’—l)
+ B2 Spr2 -2 Tpir2s 2 Rpir-2 Mpir )|

X [(n —o+ DM2(n = 0)? + BA + 10)(n — ) + 2A% + 9A + 12}

C (= M2 = o) + (5A + 10)(n — o) + 6A2 + 18A + 12}]
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4.2. Caputo-Fabrizio fractional derivative sense

In this section, we presented the numerical solution of the suggested model by employing the newly
established predictor-corrector numerical scheme. Since our equations are non-linear, we present the
method for a general non-linear fractional differential equation with power-law and exponential kernal.
We start with the following general equation.

57 M) = A1, (1))
v(0)=v

Applying the associated integral operator, we obtain,

v(t) —v(0) = i//—(j\\)A(t v(t)) + ///ZEA) /o A(T, v(T))dTt
at the point 7 = t,,,; = At(n + 1).

Our equation becomes,

1-A In+l
V(ty41) — v(0) = i A)A(tm, Vi) + V2N / A(T, v(1))dT.

Then, between ¢, and ¢,,;, we approximate the function A(r, v(7)) using the Newton polynomial such
that

V(i) = V(1) = ///(1’\\) [A(fnﬂ, vy - A(r,,,vn)]
+ %IEA) ! [A(Tn, vn_l) + A(Tn—la V(tn—]))A_tA(Tn—Z, V(tn—Z)) (T _ tn—Z)
A(Tna v(tn)) - ZA(Tn— ) V(tn— )) + A(Tn— ) V(tn— ))
" v T S

After integration, we obtain,

1-A
V) = v) + A)[A(lnn, V) = Al (5))

A [23 5 4
,///(A)[le(t"’ v(t,) + A(t,, 2, W(ty_n) — —A(tn vt 1)]

1-A)A
where, vi', | = vo + SR8 Aty V(1)) + A5 Sico Alti V(1)AL.
However, we need v, to start the process, here,

1 -AA A
W) = & — A)) Alto (1) + —s Al 1)

To apply this method to our system, we transform the system to
07 DNS) (1) = AW Sy 8y Ty, Ap, Rps M)
07 DEND) = B, S, Epp Ty Ap, Rpy M)
07 DD = C1, 8, 8y Ty Ap, Rps My)
57 DAY = DAt S 8y T . Ap Ryu M)
0" DR = B, S 8, T o A Ry M)
57 DEM) = B(t, S, Ep, Ty, Ap, Rpy M)
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Applying the method to our system, we get,

(1-AA

A (N)
- A(t,, SV, &,

p.n> = p.n’

(A) [23
+ —%(A) I:_A(trn Sp,na 8[)’"’ -Z-p’n, ﬂp’n, RP,I’[’ Mp’n)

12
5
+ EA(tn—Za Sp,n—Z’ 8p,n—2, Ip,n—Z, ﬂp,n—Z, Rp,n—Z’ Mp,n—Z)

RP

p.n+1’

ﬂp

p.n+1°

]'P

p.n+1°

Sp(tn+1) = Sp(tn) + Mﬁ,n+1)

p.n+1° “pn+l?

[A(rn+1,s" &

]'P

p:n?

ﬂl’

pan

R . Mg,n)]

4
- gA(tn—l » Sp,n—l B 817,11—1 ’ Ip,n—l ’ ﬂp,n—l ’ Rp,n—l s Mp,n—l)]

(1-A)A
AM(N)

- B(tm Sp,n, Sp,na Ip,n’ ﬂp,n, Rp,ru Mp,n)]

(A) 123
+ m [_B(tn’ Sp,m Sp,n, Ip,rn ﬂp,na Rp,n, Mpn)

12
5
+ EB(tn—Za Sp,n—Z’ 8]7,11—2’ -Z-p,n—Qa ﬂp,n—Z, Rp,n—Z, Mp,n—Z)

RP

p.n+1°

ﬂl’

p.n+l1?

]'P

p.n+1°

E)(tn1) = Ep(tn) + [B(rn+1,sp &

p.n+1’ “pn+l?

14
Mp,n+l)

4
- EB(tn—l > Sp,n—l ) 8p,n—1 ) Ip,n—l P ﬂp,n—l P Rp,n—l ’ Mp,n—] )]

(1-A)A
A(N)

- C(tna Sp,n, Sp,na Ip,n, ﬂp,m Rp,rn Mp,n)]

(A) 123
+ m[_c(tn, Sp,n, Sp,n, [P,n’ﬂp,naRp,n, Mp,n)

12
5
+ Ec(tn—Zs Spn2Epn-2: L pn-2, Ap -2, Rp -2, Mpn-2)

4
- gc(tn—l ’ Sp,n—l ’ 8p,n—l ’ Ip,n—l’ ﬂp,n—l’ Rp,n—l ’ Mp,n—l)]

p P
ﬂ Rp,n+1 k4

p.n+1°

IP

p.n+1°

T(tnet) = I(1) + [@(rm,sp &

p.n+1° “pn+l?

4
Mp,n+ 1 )

(1-A)A
A (N)

- D(tn’ Sp,na Sp,na Ip,m ﬂp,n’ Rp,na Mpn)]
(A) [23

4 P
ﬂ Rp,n+1 ’

p.n+1°

]'P

p.n+1°

Atyer) = A1) + [D(zn+1,8” &’

p.n+1° “p.n+1°

P
Mp,n+1)

+ —%(A) ED(tnv Sp,na Sp,rh J-p’n, ﬂp,n, Rp’n, Mp’n)

5
+ ED(tn—b Sp,n—Za 8p,n—2’ Ip,n—Z’ kﬂp,n—2’ Rp,n—2a Mp,n—Z)

4
- gD(tn—l ) Sp,n—la 8p,n—l ’ Ip,n—l ’ ﬂp,n—l ) Rp,n—l ) Mp,n—l)]
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(1-MA
M (N)

- E(Zn, Sp ns 8p,na -Z-p,m ﬂp,na Rp,n’ Mp,n)]
RGN (A) [23
MM(N)L12

5
+ EE(tn 2’ p.n—2» 8p,n—2’ Ip,n—Z, ﬂp,n—Za Rp,n—Z’ Mp,n—l)

- gE(tn—l s Sp,n—l ’ Sp,n—l s Z-p,n—l s ﬂp,n—l s Rp,n—l’ Mp,n—l)]

(1-A)A
AM(N)

- F(tn’ Sp ns Sp ns Ip,n’ ﬂp,na Rp,m Mp,n)]

(A) [23
.///(A) 12

5
+ EF(ln—Z, Sp,n—Z’ 8p,n—2, Ip,n—l’ ﬂp,n—Za Rp,n—Za Mp,n—Z)

RP

Rp(th) R (tn) [E(tn+l’ pn+1’81€n+1’ 'Z—Zn+1’ ﬂp pn+l’

4
p.n+1° Mp

,n+l)

]E( n9Spn’8pnaIpnsﬂpn7an’ Mpn)

RP

Mp(tn+l) = Mp(tn) + pa+1?

p p p
[F(t”"']’ p.n+l? 8[) n+l’Ip n+1":7(

p.n+1°

MZJH—I)
F( ns Spna 8pn’ Ipna ﬂpna an, Mpn)

4
- gF(tn—l » Sp,n—l s 8p,n—l ’ Ip,n—l ’ ﬂp,n—l ’ Rp,n—l s Mp,n—l):|

where,
Sﬁ we1 = Spo ¥ (1///(/\/\);\A(tn’ Sps Eps L pns Aps Rpns M)
+ Z At Spis Eps L s Apis Ry My )AL
& i =Epo+ %B(tn, S Epis Lpms Ay Rpps M)
+ Zn: At Spis Ep s L pjes Apies Ry s My i) At
k=0
I =Zpot (lj/(AA))AC(tn,S,,,n,S,,,n, T s At Rpnis My )
+ Zn: Cte, Spi» Epies L p s A s Rp o My ) At
k=0
A = Ao + %D(% Sps Eps Lps A Roms M)
+ an D(ti, Spi» Epiis L pies Ap s Rp jes My i) At
k=0
RZ nel = 78p0 1 %E(tm Sp»n’ Sp,n’ [p»n’ Apns 'Rp,n’ Mp,n)

+ Z E(tk’ Sp,k, 8p,k’ Ip,k’ ﬂp,k’ Rp,k» Mp,k)At
k=0
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M, = Mo+ (1///([\/\)) F(tn, Spn» Epis L pn> Apins Rons Mp.n)
+ Z Fte, Spi» Ep s L pts Ap s Ry Mp i) At
And, _
Spi = Spo+ %A(to,sp,o,ap,o, L0, Apos Rpos Mpo)
MZ/EA) Alto, 8p0:Ep.0s L p0s Apos Rp0s M0
Epa = Epo + Bl10, Sp0: Epos IP’O’ﬂP’O’R”’O’M”’O)[(IJ/_/(AA))A B /A/(Afi)]
o1 =T,0+Cto,S)0:E00s L p0s Apos Rpos Mp,O)[(l//_/(AA))A a ,/[/\/(Azi)]
Ap = Apo + D(to, Sp.0,Ep.05 L p.0s Apos Ry MP’O)[(%//_/(AA))A B C/A//\/(A/i)]
Rpt = Rpo + E(t0, S0, .0, L p0s Apos Ry, MP,O)[(I//_/(AA))A B /[/\/(Ali)]
M1 = Mo + ]F(tO,Sp,o,Sp,o,fp,o,ﬂp,O’Rp,O’MP,O)[(I//_/(AA))A B ,;/\{(A/i)]

4.3. Caputo fractional derivative sense

Due to uncertainties associate with the etymology of the raise of infection, the initial time, within the
Wauhan city, it is there for worth to include such uncertainty into a mathematical equation, additionally
so far the world of research is very uncertain on when and how the curve of the spread will be flattened.
To include such events into mathematical formulas, one should use a differential operator with a kernel
that has similar properties, and the well-known differential operator with such is nothing else than the
Caputo fractional derivative. In this section, we present the analysis with Caputo derivative

DS (1) = AL, S)(1), E,(1), T (1), A1), Ry(1), M, (1))
TDRE 1) = B(t, S,p(1), E,(0), T ,(1), A1), R, (1), M,(1))
DML (1) = C(t, S(0), Ep(0), T (1), A1), Ry (1), My (1))
f@,’\?{p(t) =D(t, S,(0),Ep(1), I ,(1), A, (1), Ry (1), M, (1))
TDIR(1) = B(1, Sy(1), E,(1), I,(1), A1), R,(1), M,,(1))
E;”.@,AM,,(t) = F(t, S,(1), Ep(1), L (1), A1), R, (1), My(1))

After integration, we have for the first equation

S,(t) = S,(0) + — / (t-" AR, S,, 8, Iy Ay Ry, M)dT

I'(A)

Mathematical Biosciences and Engineering Volume 18, Issue 6, 8683-8726.
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Hence we only consider the t = At(n + 1) = ¢,,1,
1 n tosl Al
S,(t+1)=35,0) + m Z/ (w1 — 7)) TA@, S, 6, 1, AL Ry M)dT
o=0 "Y1

Approximating A ,(f) = P,(t) within [7,,,.;] following the work of Atangana and Seda [11], we
obtain,

(ADD

Sp(tn+l) = Sp,O + m 0—222 A(t()'—Z’ Sp,<r—2a 817,0'—2’ -Z-p,o‘—z’ ﬂp,o‘—Z’ Rp,(r—Z’ Mp,(r—l)[(n -0+ l)A - (l’l - O_)A]
(A" <
m — [A(ta—la Sp,O'—l ’ 81),0’—1 ) [p,a'—l ) ﬂp,a’—l ’ Rp,(r—l’ Mp,o-—l)
- A(ta'—Z» Sp,(r—Z’ 817,0'—2’ Ip,O'—Z’ ﬂp,o-—b Rp,a'—Z» Mp,o-—Z)
X[n—oc+D*n-0+3+2A)—(n-0) (n—0 +3+3A)]
(A < [
Ato-aS 0-’8 (J"I owﬂ O"R o o
ZF(A + 3) £ ( P> P P P> P MP’ )
- 24%(1‘0'—1 > Sp,o‘—l > 8]),0’—1 P Ip,O’—] s ﬂp,o’—] s Rp,o‘—] b Mp,O’—l)
+ A(ta'—Z» Sp,(r—2’ 8]),0'—2’ Ip,(r—Z’ ﬂp,o-—Za Rp,a'—Z» Mp,o’—2):|
X [(n —o+ DM2(n - 0)? + BA+ 10)(n — o) + 2A% + 9A + 12}
(= 20— ) + (SA + 10)(n — o) + 6A + 18A + 12}]
Also,
(AD™
Sp(th) = 8p,0 + m O-ZZZ B(ta'—Z’ Sp,o——2’ 8p,0‘—27 -Z-p,(r—Z, ﬂp,o——b Rp,U—Z’ Mp,O'—Z)[(n -0+ I)A - (I’l - O-)A]
(A" <
F(A + 2) — [B(tg’—l’ Sp,(r—l, 8[),0'—1, Ip,a—l, ﬂp’o-_l, Rp’o-_l, Mp,o‘—l)
- B(t(r—Z’ Sp,a‘—Z’ 8p,0'—2a Ip,(r—2a ﬂp,(r—l» Rp,(r—Z, Mp,a'—Z)
X[(n—o+1Dn—-0+3+2A)—(n-0) (n—0+3+3A)]
(A [
AT/ A A~ Bto-»S 0'58 0'9I (T,ﬂ O”R (o] o
2F(A + 3) — ( ps P> P> P> P> Ml’s )

- 2B(ta'—l ’ Sp,O'—la 817,0'—1 > Ip,(r—l » ﬂp,a—l ’ Rp,a’—l > Mp,o’—l)
+ B(IO'—Z’ Sp,(r—z’ 8p,o-—2a Ip,(T—Za ﬂp,o-—l, Rp,o-—z, Mp,(r—Z)]

X [(n —o+ DM2(n— o) + BA + 10)(n — ) + 2A% + 9A + 12}

(= ) M2n— o) + (5A + 10)(n — o) + 6A2 + 18A + 12}]
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The same with 7 ,(#,11), A, (tps1), Rp(tp41) and M, (1,.1).

(At <

Ip(tn+1) = Ip,O + 1) Z C(IG'—Z, Sp,o-—Z’ 8p,0'—2’ 'Z-p,O'—Z’ ﬂp,o-—Za Rp,a’—Za Mp,O'—Z)[(n -0+ 1)A - (l’l - O-)A]
o=2

T(A +

(ADD

+ Cllr-1,Spr—1-Epo-t1s L pr1sApr-1, Rporets Mp o
F(A+2)U=2[( 1 Spo-1:Epo-ts Lpo-ts Apo-t: Rprt: Mpr-1)

- C(to'—la Sp,o‘—Z’ 8p,o‘—2’ -Z-p,O'—Z’ ﬂp,a’—Za Rp,o‘—Zs Mp,o‘—Z)

X[n—c+Dn-0c+3+2A) - m—-0) (n—0o+3+3A)]
. (A <
2T(A +3) &

- 2C(t0'—1a Sp,a'—l ) 81),0’—1 ) Ip,(r—l s ﬂp,(r—l ) Rp,o-—b Mp,a'—l)

[C(t0'7 Sp,0'7 81),0" Ip,(ra ﬂp,ow Rp,(ra Mp,o')

+ C(tU—Z’ Sp,O'—Z’ 8[),0’—2’ Ip,U—Za ﬂp,a’—Za Rp,o’—Z’ Mp,O'—Z)]
X [(n —o+ DM2m = 0)* + BA + 10)(n — o) + 2A% + 9A + 12}

—m-0)M2n -0 + (5A +10)(n — o) + 6A% + 18A + 12}]

(AD*
ﬂp(tnﬂ) = ﬂp,o + m O-ZZZ D(ZO'—Z’ Sp,(r—Z, 817,0’—2’ Ip,(r—Za ﬂp,a—Z’ Rp,a'—Qa Mp,(r—Z)[(n -0+ 1)A - (l’l - O-)A]
(A" <
F(A n 2) 9 I:D(to'—l’ Sp,(r—la 8[;,0'—1, [p,g—l, ﬂp,o’—la Rp,a'—l’ Mp,o‘—l)
- D(t(r—Z’ Sp,<r—2s 8[),0‘—2, Ip,(r—Za ﬂp,(r—b Rp,(r—Z’ Mp,a'—Z)
X[(n—o+D*n—-0+3+2A)—(n-0) (n—0c+3+3A)]
(A <

+— Dta-,S 0—,8 g—,] g',ﬂ (T’R (] (o8
2F(A+3) 0—:2[ ( p- ps P, P, P> MI’)

- 2D(t0'—1 ’ Sp,a—l’ 817,0'—1 ’ Ip,(r—l ’ \-ﬂp,(r—l » Rp,a’—l ’ Mp,(r—l)
+ D(ta'—Z’ Sp,(r—Za 8[),0’—2, jp,o-—Za ﬂp,o-—z, Rp,O'—Z’ Mp,(T—Z):|

X [(n —o+ DM2(n=0)? + BA + 10)(n — ) + 2A% + 9A + 12}

C (= M2 = o) + (5A + 10)(n — o) + 6A2 + 18A + 12}]
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(AD™
Rp(tn+l) = Rp,O + m O—ZZZ E(t(r—2’ Sp,o'—Z’ 8[),0’—2’ Ip,a'—Z, k?(p,a'—% Rp,o'—29 Mp,o-—Z)[(n -0+ 1)A - (l’l - O-)A]
(A™
m — [E(IO'—I ’ Sp,o‘—] ) 8p,0’—1 ’ Ip,o'—l ’ ﬂp,o‘—l ) 7Qp,o’—l ’ Mp,a'—] )

- E(t(r—Za Sp,o-—Za 8p,o-—2s Ip,O'—Z’ ﬂp,a’—Z’ Rp,(r—2a Mp,o-—Z)

X[n—oc+D*n-0+3+2A)—(n—-0) (n—0+3+3A)]
(A < [
E s, o-aS a"] o) a'aR o o
21"(A + 3) 0-22 ( Sp’ p’ p! ﬂp’ p’ Mp’ )

- ZE(trr—l ’ Sp,a'—l B 817,0'—1 ’ Ip,(r—l ’ ﬂp,a’—l ’ ﬂp,(r—l s Mp,a-—l)

+ E(t(r—Z, Sp,o-—Za 8p,0'—2’ Ip,U—Z’ ﬂp,o-—Z’ Rp,(r—% Mp,o’—Z):|
X [(n -0+ DM2(m—0) + BA +10)(n — o) + 2A% + 9A + 12}
— (-2 —0) + (BA + 10)(n — o) + 6A% + 18A + 12}]

(A <
Mp(tn+1) = Mp,O + m Ozzz F(ta—Za Sp,(T—Z’ 8p,0'—2a Ip,(T—Za ﬂp,o-—l, Rp,o-—Z’ Mp,a'—Z)[(n -0+ 1)A - (l’l - O-)A]
(A" <
m — [F(ta—l ) Sp,o'—la 8p,0'—1 ’ Ip,a'—l » ﬂp,o-—l ) Rp,o'—l ’ Mp,o’—l)
- F(IG'—Z’ Sp,a'—Z’ 8p,0'—2a Ip,(r—2a ﬂp,o-—b Rp,o'—z’ Mp,a'—Z)
X[n—oc+D*n-0+3+2A)—(n-0) (n—0 +3+3A)]
(A" [
Fta-,S 0"8 0',-[ (ra»ﬂ O'aR o) o
21-*(1\ + 3) £ ( P P> P P P> MI’» )

- ZF(tO'—l s Sp,o‘—l > 8p,a’—1 s Ip,o‘—] s ﬂp,(r—l > ﬂp,o‘—l s Mp,o'—l )
+ P(IG'—Z’ Sp,a'—Z, 8[),0‘—2, -Z-p,(r—2, ﬂp,o-—b ﬂp,(r—Z’ Mp,a'—Z):I

X [(n —o+ DM2(n - 0)? + BA + 10)(n — o) + 2A% + 9A + 12}

(=) 2= o) + (5A + 10)(n — o) + 6A2 + 18A + 12}]

5. Numerical representations

In this section, we considered only Atangana-Baleanu sense and Caputo sense. We represent ¢
numerical simulation of the suggested models using the software called Matlab. The numerical
simulations are performed from the suggested numerical solutions obtained from the new suggested
numerical schemes. The solutions are presented for different values of fractional orders including 1,
0.9, 0,7, 0.5, 0.3 and 0.1 respectively. Starting with the model based on the Atangana-Baleanu
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fractional differential operator.

5.1. Numerical verifications for Atangana-Baleanu Sense

Numerical simulation for Atangana-Baleanu based models are depicted in Figures 5-10
respectively.

)-clay > )-clay 2

Figure 5. Numerical solution with ABC derivative for A = 1.
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Figure 6. Numerical solution with ABC derivative for A = 0.9.
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Figure 7. Numerical solution with ABC derivative for A = 0.7.
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Figure 8. Numerical solution with ABC derivative for A = 0.5.
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Figure 9. Numerical solution with ABC derivative for A = 0.3.
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Figure 10. Numerical solution with ABC derivative for A = 0.1.

5.2. Numerical verifications for Caputo Sense

Numerical simulation for Caputo based models are depicted in Figures 11-16 respectively.
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Extended orthogonal spaces are used, and valid fixed point results are obtained. Thereafter, we use
fractional derivatives to provide a summary of the novel coronavirus 2019-nCoV/SARS-CoV-2 model’s
existence and unique solutions. Additionally, the model employed in this study is dubious because we
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did not include all information about the propagation into mathematical equations, and there are still
various misunderstandings about the virus’s behavior and spread. Our goal with this study was not to
present a method to assist stop the spread, but rather to demonstrate that the model proposed by Altaf
and Atangana [5] had unique solutions using a fixed-point technique using the initial conditions and
theoretical values we utilized. In addition, to offer numerical solutions to the recommended models, a
novel numerical scheme was applied. Most nonlinear systems require numerical simulations to analyze
their behavior because their mathematical models are too complex to provide analytical answers. As a
result of the numerical simulations produced, the virus is incredibly fast-spreading and can infect the
entire world in a short period if precautions are not taken.
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