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Abstract

In this paper, we modify an SEIVR model concerning COVID-19 from the first-
order system into a multi-fractional order system of differential equations. We also
find an approximate solution by using the Sumudu Adomian decomposition method.
Furthermore, we try to give qualitative results rather than qualitative results.
Numerical simulation is given through a table and graphs which show the efficiency
of the method.

Keywords: SEIVR epidemic, Fractional calculus, Caputo derivative, Sumudu,
Adomian.
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1.Introduction:

The world health organization(WHO) declared that COVID-19 is a pandemic in March
2020. This disease spread very fast in more countries around the world. The governments
impose limitations on traveling inside and outside them. The WHO also issued a series of
preliminary regulatory determinations for healthcare services against the emerging disease
and called on all nations to cooperate in its control. The disease then spreads to the rest of the
world, it causes health crises in one region after another. Despite public vaccination in a
limited number of countries, programs such as social isolation, physical distancing, and
wearing masks are employed as the main control strategies to reduce the exponential growth
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of COVID-19. Mathematicians together with others submit a large number of models such as
SEIR, SEIVR, SEQAIRE. A modeling SEQIR for Italy was submitted [1]. Fractional
mathematical models are given to investigate SEl1l2R and others [2]. The authors introduce
the extended SEIVR model into a limit-state function and define the model parameters
including transmission, recovery, and mortality rates as random variables, the problem is
transformed into a reliability model and analyzed by the Monte Carlo sampling [3]. The
numerical study of a deterministic mathematical model of an SEIVR is also given. This model
incorporates a temporary immune recovery class which involves subsequent dose vaccination
for the infants, Hypothetical values are chosen for the parameters to test the validity of the
mathematical model. The parameter with the greatest impact on the model is computed using
the eigenvalue elasticity and sensitivity analyses and it is found that the parameter of the rate
at which the vaccine wanes in the infants has the greatest impact on the mathematical model
[4]. In [5] a suitable numerical simulation method is used to solve a nonlinear system that
contains multi-variables and multi-parameters with absent real data. A susceptible-vaccinated-
exposed-infectious-recovered (SEIVR) epidemic model is investigated for an infectious
disease that spreads in the host population through horizontal transmission. It is shown that
the model exhibits two equilibria, namely, the disease-free equilibrium and the endemic
equilibrium, by constructing a suitable Lyapunov function. It is also observed that the global
asymptotic stability of the disease-free equilibrium depends on R, as well as on the treatment
rate, if Ro > 1, then the endemic equilibrium is globally asymptotically stable with the help of
the Li and Muldowney geometric approach applied to four-dimensional systems [6]. In the
references of [7-19], the authors studied the stability of criticality of epidemiological systems
for Covid-19. Rather than the local study of the equilibrium points by studying their stability
[20]. Many researchers [21-48] studied the stability of the equilibrium points of various
medical and environmental models in the world. In [21], the authors also searched and
investigated the global behavior of the system so we solve it by the Sumudu Adomian
decomposition method. This method is effective and its computations can be done recursively
in simple procedure. The basic concepts are discussed in section 2. In section 3, the
mathematical model is discussed. The main results are discussed in section 4. The numerical
simulation is presented in section 5. All figures are made in the MATLAB and MATHCAD.

2.Basic Concepts:
2.1) Fractional Calculus
Fractional calculus is the generalization of integrals and derivatives of any arbitrary real or
complex order. It has a long history from 1695 when L.Hopital sent a letter to Leibniz asking
1
about the meaning of (di’lc). The fractional differential and fractional integration go back to

dx2
many great mathematicians such as Liouville, Leibniz, Riemann, Letnikov, Able, Weyl,

Riesz, and others. The derivatives and integrals of non-integer order and the fractional
integrodifferential equations have been found in many applications in recent studies, for
example, theoretical physics, mechanics, medicine, rheology, electrical networks,
viscoelasticity, chemical physics and applied mathematics etc.

2.2) Riemmann-Liouville fractional integral [49]
Let f be a function defined as f :[0,00) — R then the fractional integral of order a > 0 is
given as follows:

ol f(x):ﬁ Jy (e = )7L f(s)ds.

Where ol is the Riemann-Liouville fractional integral.
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2.3) The Riemann-Liouville Fractional Derivatives [49]
It is one of the most famous types to calculate the fractional derivative where suppose that
a>0,x>aaa € R then:

1 4" [ f@
'n—a)dt®) (x —r)ati-n

dn
ﬁf(x)a=n€N

Where D% is the Riemann-Liouville fractional derivative.

dr, n—1<a<neN

Df(x) =

2.4) The Caputo Fractional Derivatives
Suppose that @ > 0,t > a, a, a, x € R. Then the Caputo fractional operator:

(1 [ "

+_ndr, n—1<a<neN
DEF(x) = !F(”‘“)o G =
dTl
L ﬁf(x)=aneN

It is clear that in the Caputo sense, the derivative of the constant function is equal to zero.
2.5) The Sumudu transform

Definition (2.5.1) [49] : The Sumudu transform is defined over the set of functions as
follows:

el
A= f(x)|3H,v,,v, > 0,|f(x)| < He",ifx € (—1)/x[0,0) is given by the following
formula
Y(U) = [ (w)e*dx y,orY (u) = %fooo ewy(x)dx for any function y(x) and -v;< u <
v,.

2.6) Some important Properties of the Sumudu Transform [49]

1. Linearity:
Slaf (x) + Bg(x)]= aS[f ()] + BS[g(x)].
2. The convolution of f(x), g(x) € A with the Sumudu transform is given by:
S[F*g(x)]=uS[F(u)*G(u)].
3. The power series f(X) = Yoo (—1) Vai' = e 7* transforms to the geometric series
SIf0)] = = Zeo (-1 (ra)* = o u € (=2,7).
4. The Sumudu and Laplace transforms exhibit a duality relation as follows:
G (3) = sF(s), F(u) = uG(w).
5. Let f(x) = x™ then the Sumudu transform of it is
xm o
S[r(a+1)] =u",m > 0.
then the Sumudu inverse transform of u® is S~ [u™] = ——.
I'la+1)

Theorem (2.6.1)[49]: The Sumudu transform of the Caputo derivative is given by:
S[DE f(x); u] = u™%G(w) — Xz} u"‘a[f(k)(x)]xzo,n —-1<a<n
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2.7) Using the suggested method with the Sumudu transform to find the solution to
nonlinear fractional differential equations [49]:
The suggested method factors of the function g(x) are to arrive at the precise result. The form
of the ordinary fractional differential equations of the nonhomogeneous nonlinear is given as
follows.
DZy(x) + Lu(x) + Nu(x) = gx),x=0n—1<a<n. )
Where DZy(x) denotes to the Caputo fractional derivative of order a for u(x), L is the linear
term operator, N is a nonlinear part of the previous equation and f (x) is the source function.
Eq. (1) is correlated with the initial conditions

ud0)=ul,i = 0,1,..,n—1. )
Also, the real numbers u((,l),i = 0,1,..,n— 1are assumed to be given.
The Sumudu transform with the Adomian decomposition method consists of applying the
Sumudu transform first to both sides of (1) to give:
S[DFu(x) = S[u(x)] — S[Lu (x) + Nu(x)].
Using the property of the Sumudu transform and the initial condition in Eq. (2), we have

SY()I-Zj=1 /= [u®(0)] = u*(S[g ()] — u®(S[Lu(x) + Nu(x)].

Suppose W=Y7Z1 w/~%[u®(0)], then we will get

Sy()]-W = u®(S[g(x)] — u*(S[Lu(x) + Nu(x)]. ©)
Applying the inverse of the transformation to both sides of Eq. (3) to get
u(x)=g(u)-S*u(S[Lu(x) + Nu(x)])]. (4)

Where g(u) represents the terms arising from the inverse of the transformation for W and
from the source term u*(S[g(x)]).
Assuming that the solution to Eq. (3) is in the form
U(X) = Xn=o Un - ()
And the nonlinear term Nu(x) is equated to an infinite series of polynomials:
i.e.
NU(X)=Xn=0 4n- (6)
Where An's are the Adomian polynomials which can be evaluated by using the following
expression
At L NS, 9u)]s =0, n=0,1.23,... 7)
Substituting Egs.(5) and (6) into (4), it gives
Tnzotn(¥) = g(w) — S u*(S[L Tz un(x) + Ero An (D]
The components u,, (x) of the solution u can be determined by using the recursive relation
up = g(x),
Uk = - STu¥(S[L(u(x) + 4,D], k =0,1,2, ...
And we consider the modified form of Eq.(7) by factorizing g(x) as follows:
9(X)=91+02 (8)
Using EQ.(8), we introduce a qualitative change in the formula of the recursive relation
Eq.(8). To reduce the size of calculations, we identify the zeroth approximate uo, by one part
of, namely g1 or g2. The other part of g can be added to the term y: among other terms. In
other words, the modified recursive relation can be identified by :
Up = Y1,
Uy = g — S u®(S[L(wie(x) + AT
Upeyr = — ST u(SL(ue () + A
An important point can be made here which is that we suggest a change in the formula of the
first two terms u,, and u; only. Although, this variation in the formation of u,, and u, is
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slight, however, it plays a major role in accelerating the convergence of the solution and in
minimizing the size of calculations.

3. The modified mathematical model:

The model consists of five fractional equals where S, E, I, V, and R represent the
susceptible, expand, infected, vaccinated, and recovered individuals, respectively.
Let N(t) be the total population size of the individuals with N(t) = S(t)+E(t)+I(t)+V(t)+R(t).
The flow of parameters is depicted in Figure 1. The governing model is given by:

4 aa-1) BSL v

dte By Ve

d?E _ Bsl E— uE

dte () T HE

do ]

szlE—(u+v0+v2+v3)1, 9
O = Ak +val — pV — vV

d%R

dt%s =Vl —pR,

The initial conditions of the above system are: S(0) = So > 0, E(0) = Eo >0, I(0) = 1o > 0,
V(0)=Vo=>0,R(0)=Ro>0and 0 < aq,a,, az, a4, a5 < 1.

Here, in the system (9), the growth rate of the population is denoted by A. The parameter 3
is the disease contact rate and k represents the fraction of individuals to be vaccinated. The
natural death rate is denoted by p and the disease related death rate is shown by vo. The
exposed individuals that are infected at the rate of v1 and v2 show the rate of recovery from
infection. The infected individuals are vaccinated/treated at the rate of va. The vaccinated
individuals lose their immunity at the rate of v4. The same transmission rate in the form of BSI
/(1) 1s assumed where y represents a positive function such that y(0) = 1 and y(I) > 0,which
is used by [16]. This generalizes the mass action incidence (i.e. y(I) = 1), and the incidence
rate BSI/ 1+kI . For small I, the function I/ y(I) is increasing while it is decreasing for large I,
that is y(I)=1+ I2. This describes the psychological effect: for a very large number of infective
individuals, the infection force may decrease as the number of infective individuals increases,
because in the presence of the large number of infective individuals, the population may tend
to reduce the number of contacts per unit time [50].

HE & nE T ol Tr I
.

Al —&)

<

Fig. 1. Flow chart.
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4. Main results :
In this section, we solve the fractional model (9) in the Caputo derivative sense. Taking the
Sumudu transform to both sides of the system (9) to get:

S[Ds] = S [A(1 - k) — s - L, v|

S[DXE]=S[ pSI/¥(I) -v, E-uE],

S[DXI] = S [V4E — (U + vy + vy + v3)I] (10)
S[DXV] = S[Ak +v3 [ — uV — v, V],

S[D/5R] = S[v, I — uR].

Now we take the transform to both sides of Eq.(10) :

U= [S(s) — s(0)] = S| — k) — s — £+ v,V

£40)]
—a, B BsI

w2 [S(E) — E(0)] = S [lp Vi ue]

u"[S(U) —1(0)] = S[vy — (W+ v + vy + v3)I] (11)
u=%[S (V)-V(0)]= S[Ak + v3 I-uV- v ,V]
u”*[S(R) — R(0)] = S[vy I — uR]

Now we substitute the initial conditions S(0)=So, E(0)=Eo, 1(0)=lo, V(0)=Vo and R(0)=Ro to
get the following:

S() =So+$ 7 [us {a - AK — us — £+ vv )|

E(t) =Eo+S " [u®s {% —v,E — uE}|;

I()=lo+S [u®S{v E — (ul +vo I + vy I+ v3I1)}]; (12)
V(t) =Vo+SHu%S{Ak + v3I — uV — v,V};
R(t) =Ro+S[u®*S{v,I — uR}];

This system is nonlinear so the Sumudu transformation does not applicable, however, if we
use the Adomian decomposition method, then the system (2) becomes linear. To do that we
apply ADM as follows:

We suppose

S=Xi20Su E = X0 E 1 = XiZo IV = XiZ2o Vs R = X% o Ri;
Now suppose SI=Y.72 P; ; where, Py = X52,1; S;
Therefore Eq.(12) becomes :

;5i=50+5 uAS{A — Ak — ZS—£(§101+ ZV}

0 BE2oPi
1B =Eo+ 57 [uazs{wf;” — V1 Xizo Ei — X2 Ei}; (13)

Zri=10+s “3S{vle —(uzl +VOZI +szl +Vsz’)}
l';l
z Vi =V + S u%S{Ak + ng I; — uz Vi — V4Z Vil;
i=0
ZR = R+ 57 aSS{VZZI —MZR}

Therefore we get the followmg
Sp+1 =S [u*rS{A — Ak — uS,, —

l]'

( )+V4V}]
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Ensr = 571 [u2S {0 — viEy — k| (14)

Inyr = s [uass{le (.uln + vol, + VoI, + V3In)}];

Vi1 = STHu*S{Ak + v3l, — uVy, — vaVu3l;

Rpy1 = S_l[uass{vzln - ,Lan}];

1) If n=0,1,2 3,4

If n=0, then the first iteration of S;, Ey, I;,V; and R; is given by:-

S, = xl%;where X, =A— Ak —uS, — ‘Pﬁ(IZ) + v,V

E, =x, % where x, = ﬁ(lj) viEq — UEy; (15)
I = % where x3 = v Ey — (U + vy + vy +v3)lp;

Vi=12x4 m, where x, = Ak + v3ly — uVy — v, Vy;

R, xsﬁ where x5 = vyl — URy;

(2) If n=1, then the second iteration of S,, E,, I,,V, and R, is given by:

S, =5 |us{a— Ak — S, — ,f(ll) +vaVi}|; and since P = X_o[;S;_;; = Py = Soly +
S1ly;
_ BP

52 = S 1 I:uals {_ﬂsl 11/(11) (5011 + SIIO) + V4V1}]

B10x1 tZal 'Bsox3ta1+a3 t(x1+a4

(,uxl ) - + V4X4
V(1)) TQRa;+1) YUl (a; +az;+1) MNa; +a,+1)
BP;
E,=5" [“ZS{ vE—E}];
2 = ) w(l) 1 1+ HEq 2

_ ﬁSOX3 t*1tas Eloxl t¥1taz _ t2az
W) NagtaatD | w(1y) Nag+ap+1) (v1 + 1x; TCay+1)

lo =S Hu*sS{v E; — (u+ v+ vy +v3)}

_ tx2tas t2(x3
Vi T a3 (u+vo+vytvs) T(ag+1)
Vz = S_l[ua4S{Ak + V311 MVl V4_V1}]

_ tasztas 2(14_

- V3xg F((Z3+0(4+1) (M + V4)X4 F(Za +1)

Ry = S7Hu%sS{v,ly — uR4}]

_ ta3+¢x5 t2a5

- V2X3 F((Z3+0(5+1) - st F(2a5+1)

(3) If n=2, the third iteration Ss, Eg3, I3, V3, R3 is given by :

S, = 5—1[u“15{A — Ak — uS, — fg 2+ vy}

and Slnce Pi = ] OI]Sl } =>P2 = 1052+1151+1250
ﬁ 0 tZal ﬁSO ta1+a3
S, =S |unsiA— Ak — ( ) —
3 [ { Moa) M) TQa, + 1) vU) T (e, +as + 1)
ta1+a4 ﬁ
_ 1.S, + 1,S; + IS
M ta, 11 () JoS2 TS+ 1250)

ta3+a4 t2a4
+ vy | vax — W+ VX
4( T rat D H VTG, 1))}]

+ VX,

691



Joudha and Al-Azzawi Iragi Journal of Science, 2025, Vol. 66, No.2, pp: 685- 700

I 212 t4-a1
=_<“ﬁ0 —,Ll2+ ﬁ 0 )xl

Y1) Y()¥(,) (4a; +1)
ﬁZIg ﬁSO t3a1+a3
+ - x
(W(Il)sv(lz) 'P(Il)> TBay +az+1)
V4BIO t3a1+a4
+ (V‘* - tp(zz)) *TBa; + a, + 1)
I,S, + .S + LS
E, :S_lluazs{ﬁ(o 2 + 1151 + 1,S,)

(22)

¥Y(l2)
ﬁSO ta1+a3 ﬁ[o ta1+a2

+
YD) BT (a +az + 1) #0) *Tla, + a, + 1)

tZaz
- 0% e |

— (vt

_ B*1§ _ MBIy t2otaz _ B?%1ySy ta1taz+as
E3 = (w(Il)w(Iz) waz)) IrQa;+ay+1) (W(Il)lp(l ) + (v + “) w(l, )) 3r(a+az+az+1)
ﬁ10V4 tcx1+a2+a4 ﬁ ta2+a3+a4 ﬁSO ta2+a3
v () Tararaid T o005 TmraranD T v B iaran ~ V1t
Blo_ o L4 (vy + 0)? 16
)W(I) ar2a,+n) W1 TH X215 705 (16)
Iy =S u®S{v,E, — (u+ vy + vy + v3)L}]
_ VlBSOXB ta1+2a3 V1ﬁlox1 ta1+a2+a3 _ 2 t2a2+a3 _
3~ ')U(Il) F(a1+2a3+1) '1"(11) F(a1+a2+a3+1) (vl + vlﬂ)xz F(2a2+a3+1) (MV1 + vovl +
ta2+2a3 2 t3a3 17
A CRA NI Nayi2ay+D) +vi(u+ v+ vy +v3)ixg TGa D) (17)
Vs = STHu%S{Ak + vl — (4 + va)V,]]
V _ ta2+a3+a4 t2a3+a4
3 = VaVaXy s~ Vaxs(Wt Vo + Vo Hva) e v (it
ta3+2a4 + 2 t3a4 18
Va)Xs M(az+2a,+1) (4 va)x, I(3as+1) (18)

Similarly forn=3and 4.

Now the sum first five terms of I(t) is I(t) = I, + I, + I, + I3 + I, which represents the
infected population
I(t): IO +X3—)+ 1X2

ta'1+a'2+a3

ta2+a3 t2a3 _,_V1ﬁ50x3 tO{1+2¢l3

r2asz+1) @) TI(ay+2as+1)

—x3(u+vo+ vy +v3)

t2a2 +as

F((Xz +asz+ 1)

— (Vi + vip)x,

v1BloX1
lp(ll) F((l1+0(2+a3+1)

ta2+2a3 2
V{V3)Xy——+ Vv \% \ V3)ex
1V3) 2F(a2+2a3+1)+ 1+ v+ vy +v3)xg

V1Hﬁlo) t2ditaztay [( v1B%1oSo
w(l,) 7 I rQa+az+as+1) w(I)¥ ()
)V1310x1] trLtaztag viBlovy + XX
3 (1) “T(ag+az+2az+1) w(ly) F(a1+a2+a3+a4+1) w(I,) 3 4F(a2+2a3+a4+1)

S taz+2as I ta@1t2az+as S
L —(vi+ W3 1Pl y —(#+V0+V2+V3)V1ﬁox3

w(l,) "3 M(ay+2as+1) w(1y)
+ (uvi 4+ vip? + vovi + vovip + viv, + vivou + vivs +

ta1+3a3
t2az2+2az

m - (HVI + VoV + V1iVao +

t3a3 ( vlﬁzlg —
F(3a3+1) Y(I)¥PU7)

+(v1+,u) )x3+(u+v0+v2+

Y1)
t@1taztaz+ag vlﬁ ta2+2a3+a4

w(I,) ! T(ay+2az+as+1)

F(a1+30(3+1)
ViV3l)Xy NeTE—y + (UPvy + vov2 + v vE + 2uvevy + 2uvivy + 2uvivs +
ta2+3a3 t3a2+a3
+vi(vy + p)x;

2VoV1Vy + 3ViV,Vs)X, —(u+vy+v,+

t4a3

F(a’2+3a3+1) F(30:2+0:3+1)

(19)

2
v3)©xs T(4az+1)
Also the exposed population is given by :-

692



Joudha and Al-Azzawi Iragi Journal of Science, 2025, Vol. 66, No.2, pp: 685- 700

E(t):E0+E1+E2+E3+E4+E5
taz Sox td1+d3 Inx td1+d2 tZaz
= Eo X3 Pooxs flox — (vy + wx,
2 1 1 3 1 1 2 2
I'(a,+1) Y(Il) INag+asz+1) Y1) I'lag+a,+1) ra,+1)
/3215 HBIO t2a1taz BZIOSO B o t*1taztasz
(q,(, W) wa )) 172 —( + vy + ) )X3
1 2 2 a1+a2+1) W(Il)q’(lz) '“II(I ) F(a1+a2+a3+1)
BI v ta1+a2+a4_ ﬁ ta2+a3+a4_ ﬁS t(x2+(x3
— + X3X4_ + - X3 - (Vl +
lp(’z) F(a1+a2+a4+1) W(Iz) F(a2+a3+a4_+1) lp(lz) F(a2+a3+1)
ﬁIO ta1+2a2 2 t3a2 VIBZSOZ ta1+a2+2a3
“) W) 1 T(ay+2a,+1) + (i) TGay+D) | wU)¥(y) 3 T(
2 1 3 a1+a2+2a3+1)
v Salnx ta1+2a2+a3 S, t3a2+a3 S,
13 0fot1 _ ,30 (V%+V1H)x2 _ /30
lp(ll)q](l_g) F(a1+2a2+a3+1) 111(13) F(3a2+a3+1) lp(]g)
t2a2+2a3 B 0 ( )2 ta2+3a3
V1V3)X + vi(u+ v+ vy +vy)ixy ————
1V3) 2T aygr2as+1) | w(y VLW 0 2 37 "3 M(ay+3az+1)
ta1+2a2+a3 ta1+a2+2a3 ﬁﬂ
- X1 X3+ vy +vy+v - ( +
w(I3) Mag+aztaz+l)  w(s) "t 3+ Vo +va+vs) Mag+az+2az+1)  \¥(I3)
2 t2a1+a2+a3 ZS x 2ta1+a2+2a3 ta1+a2+a3+a4 21 2
B<I )x1x3 __ B"Sox3 + B VaXsXy _( uB<Io
')U(Il) F(2a1+a3+1) W(Il)W(Ig)F(a1+20(3+1) ')V(Ig) F((x1+(x3+a4+1) lp(ll)lp(lg)
310 2 BBIS’ ) tiai+az ( ,8313 ,821050 ) t3a1taz+az
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5.Numerical Simulation :

S(t) = 10+11.71t —0.17t%? — 12.00088712t* — 7.952860234t°> — 65.57t7 +
922.3285701t8 + 608.5332174t°

Now if we take E, = 50; I, = 10; u = 0.025; v, = 0.001; v,0.009;v, = 0.07;

v = 0.04; v, = 0.2; B = 0.002; k= 0; S, = 10; V,10; P, = SZ = 100;

RO =5 ) IIU(IO) = llu(ll) = IIU(IZ) = l‘U(I3) = l’U(Ll») =1, aq, Az, . A3,

E(t) = 50 + 0.65t +4.012t? —12.001t3 —20.13t* + 1.8t> — 1.000000003¢6-5¢7-
181.3418t8-1724.330424t° — 2.101¢1°

I(t) =10 + 1.36t% — 2.001t? — 2.2t3 + 3.7 t*

V(t) =10 —0.4t + 0.001t? —2.0127 3

R(t)=5—0.7t+2.017 t2
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o UI: ‘1 1‘5 I(zt) 2':' .Ii 3?: 4
Figure (2): I(t)
Now if we choose I, = 10; x; = 8.930; x, = —33.1; x3 = 7.64; x, = —0.399; thus :
E(t) = —0.000051t° + 3.12 t>+6.12001 t* — 0.00064t3 + 45.50223t2 — 33.1t + 1000;

axis tight

4] 0.5 1 15 E2m 25 3 35 4
Figure3: E(t).
Table 1
t 0 0.1 0.2 0.3 0.4 1
S(b) 10 20.031 12.2 12.1 11.697 13.599

E(t) 50 | 89.96999 | 207.1828825 393.3804 | 632.7155 | 131.6715

I(t) 10 | 10.11416 10.18028 10.19848 | 10.17776 10.859
V() 10 | 9.957997 9.9039384 9.825747 | 9.711347 7.5883
R(t) 5| 4.95017 4.94068 497153 | 5.04272 6.317

From the previous figures and table we notice :

(1) The susceptible population S(t) increases rapidly at the beginning because they do not
know the danger then it stabilities at acceptable number.

(2)  The exposed E(t) also increases because either they don't know the infected or the
infected people don't declare their disease after that according to the limitation ordered by
medical organization the number of E(t) decreases.

Similar interpretation for I(t), V(t) and R(t).

S(t) E(t)

120% 120%

") 100% O———0—0—0 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% 0%

7 6 5 4 3 2 1 7 6 5 4 3 2 1
Figured: S(t) Figure5: E(t)
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I(t) V(t)

120% 120%

*——0——0—@ 100% O @@= 100%
80% 80%
60% 60%
40% 40%
20% 20%
0% 0%

7 6 5 4 3 2 1 7 6 5 4 3 2 1
Figure 6: I(t) Figure7: V(t)

120%

._._.-RTﬂ_._. 100%
80%
60%
40%
20%
0%
7 6 5 4 3 2 1
Figure 8: R(t)

Conclusion

The dynamical behaviors of model (9) is discussed in this paper. Model (9) contains five
fractional differential equations with different orders. Due to the nonlinearity of the system,
an approximate solution is evaluated by using the Sumudu transformation after applying
Adomain decomposition method. The satisfactory property of the given approximate solution
is illustrated through graphs and tables. It is clearly that the finding approximate solution to
the problem is better than the qualitative study because we get quantitative results as well as
one can estimate the size of populations after successive times. Finally, we can note that for
real data one can determine the values of the orders of the fractional derivatives that give the
best estimation.

Future work

1- One can consider the approximate solution as probability density function and then
study the statistical properties of the model.

2- One can insert the delay in the model.

3- One can study the system as a stochastic fractional delay system.
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