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Abstract.: In this article, to monitor the rise in the public Ebola Virus,
we will discuss the complex transmission and epidemic problems. The
Caputo-Fabrizio fractional derivative operator of orflee (0, 1] is used

to obtain fractional differential equations structure. The stability of frac-
tional order model is developed and unique non-negative solution is tested.
The numerical simulations are performed by using an iterative technique.
Sumudo transformation method is used to solve the fractional order model.
The nature and stability of the ebola virus system with fractional order de-
rivative is dealt mostly. In the form of Caputo-Fabrizio, a new approach to
this form of biological model associated with derivative is applied. Some
new results are being viewed with the help of Sumudo transformation.
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Furthermore, the existence and uniqueness of results for equilibrium solu-
tions have been proved by Banach theorem. However, mathematical sim-
ulations are also acknowledged to evaluate the impact of the model para-
meters by increasing the disease and showing the effect 6f ttaetional
parameter on our solutions obtained. The impact of various parameters is
graphically displayed.

AMS (MOS) Subject Classification Codes: 37C75,; 93B05; 93B07; 65L07
Key Words:Ebola virus model; Caputo-Fabrizio derivative; fractional-order Ebola virus

model; Sumudu transform; Existence and Uniqueness.

1. INTRODUCTION

Ebola is now under intense investigation as a fatal human virus due to the recent West-
African outbreak [1,2]. The World Health Organization (WHO) has identified Ebola virus
as a health emergency of growing concern for major global economic burden. Patients
usually die until the antibiotic treatment happens at the lethal stage of Ebola infection.
There have been many attempts to get a vaccine for Ebola disease, particularly after the
outbreak of Ebola in West Africa in 2014. The results of an initial review of the July 2015
Guinea Step lll efficacy vaccine study as per the WHO [3].

Further interest has recently been paid in the analysis of fractional-order derivatives
in the explanation of memory effects in dynamic systems because the area involving dif-
ferential equations in fraction order has been observed to have noticeable applications in
different science and technology disciplines [4]. Over recent years, due to the biological
processes involved, the fractional order models were given a lot of publicity. Fractional
order representations are more practical and more reliable than standard order models.
Therefore, by using fractional order derivatives and integrals, it is possible to explain the
inherited characteristics and properties of different materials and processes. By adapting
the mathematical modeling, fractional order derivative is a global operator compared to
the local classical derivative. Treating real-world problems with the use of fractional or-
der derivatives is far more efficient and reliable, particularly when trying to deal with a
prototype that plays a basic role in memory or inherited property characteristics.

There are different models for Ebola spreading, starting with the simplest models of SIR
and SEIR [5] and later being considered more complicated but also more practical models
[6]. In[1], the writers suggest a mathematical model using classical and beta derivatives for
SIRD (Susceptible-infectious-Recovered-Dead). In this template, newborn or immigration
is not regarded by the group of susceptible people. The study indicates that whole country
could die out in a very short span of time if small portion of people are infected and there
is no good prevention [7].

In the recent year, the researcher has taken into account interest and attention in frac-
tional calculus in various aspects for research of the said topic [8, 9, 10] There has been
notable growth of derivatives and integrals of fractional orders in last couple of years as
revealed by several monographs dedicated to it [11, 12]. The multitude of research papers
published in scientific journals [13] studied fractional order differential-difference equa-
tion, [14] examined a mathematical model to evaluate malaria co-infection with the human
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immunodeficiency virus,[15] examined the local fractional diffusion and relaxation equa-
tions [16], a new fractional derivative and its implementation for polar bear hair explained
[17], Wang and Liu [18,19] showed his fractional derivative applications for non-linear
fractional heat transfer equation, Hu et al.[20] Some new results related fractional and frac-
tal are also in [21,22]. The fractional complex transformation is used to turn the fractal
space-time into its continuous partner, and all known analytical methods can be applied di-
rectly to the resulting equations. This paper is a fractional calculus description in a fractal
system [23,24]. It is easy to use the proposed fractal derivative for discontinuous problems,
and classical calculus used equations with fractal derivatives can be easily solved [25,26].
Some new results are treated with the support of Sumudu transform and Picard’s successive
approximation methods. Furthermore, numerical solution of the model represents different
non-integer values.

2. PRELIMINARIES

Definition 1. Let® € H!(c,d), d > ¢, Q € (0, 1), then the new fractional order in Caputo
derivative sense is as follows [4,29,30].

“DPO0) = Tg [ O wea |-a{ =]

where N (£2) represents the normalization function with(0) = N (1) = 1. But, if the
function does not belong t&! (¢, d), then the derivative can be write as

°DPO0) = T [ (©00) - et |-a{ =] dn

1
Remark: If we takeos = 152 € [0, o0], then the new Caputo derivative having frac-

tional order as

epfew) = 12 [ 6/ e [—fji] dy, N(0) = N(oo) = 1

Further,

1 _
limg_)ofexp[—t—y] =d(y —t).
o o

Definition 2. Let 2 € (0, 1), then the fractional integral of ord€r of a function©(t) is
given by [29,30].
2(1 - Q) 20 /t
+ O(s)ds,t > 0.
e-onN@ - oN@ J,

rIie) =

Remark: This definition indicates that the fractional integral of the Caputo form of func-
tion of order0 < Q < 1 is an average o® function and its integral of order one. Hence
we get

2(1— Q) 20
C-ON©)  2Z-ON©)
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This equation gives an explicit formula for

N(Q) = 2_29 0<Q<l.

Assuming this derivative, the new Caputo derivative of ofler 2 < 1 has been refor-
mulated as

DO 7/ o'( exp[ Qﬂ}d

Definition 3. Let ©(¢) be a function for which the Caputo-Fabrizio exists, then the Sumudu
transform of the Caputo-Fabrizio fractional derivativeayt) is given as [29].
S(6(t) — ©6(0)
1-Q4+0QA
where the normalization function is denoted &§(2) with M (0) = M (1) = 1.

S(EFDY)O(t) = M(Q)

3. FRACTIONAL ORDEREBOLA VIRUS MODEL

This Ebola virus model is adapted from [27,28] and are shown in the followings equa-

tions. 05 Bisy gy gy B
E:“ SI——SH SR wS,
%_@51+5’75H+ﬂ"51)+5753—013 LE,
%ZUE—(71+6+T+M)L
% =yl —7H - (y3+p)R, 3.1)
W -1 +oD
%27’]—(724-024'#)}1,
%201D+02H—£B7
Cfif_’Y?aR pC.

The total N population is divided into eight classes that are mutually exclusive: suscep-
tible population is represented by (S), exposed population is represented by (E), infected
population is represented by (I), hospitalized population is represented by (H), asymp-
tomatic but still infectious population is represented by (R), population which are dead but
not buried is represented by (D), buried population is represented by (B), and fully recov-
ered population is represented by (C). Birth and death rates are considered eqdal and
B4, B, andg,. represent the interaction rate of susceptible people with infective, dead, hos-
pitalized and easily treatable people respectively. Exposed individuals become infectious at
aratec. Wherevy,; andr represent the per capita rate of individuals transitionary from the
infectious to the asymptomatic and hospitalizedclass respectively. Dead-class individuals
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progress to the buried class at a raterpf Hereo, and~, are hospitalized patients who
move to the buried class and the asymptomatic classrespectivelyyHisrthe number of

fully recovered symptomatic patients. Infectious individuals progress to the dead class at a
fatality ratee. Dead and buried bodies are incinerated at agaW%e assume that the total
populationN =S+ E+ 1+ R+ H+ D+ B+ C'is constant, that is, the birth and death
rates, both denoted hy, are equal to the incineration raeThe model we are studying in

this analysis is a Caputo-Fabrizio derivative and fractional ofguch a£2<(0,1] as seen
below.

CFpog) = uN - Pigr - Prgy _Bigp  Brgp
§TDPS(t) = uN — ST~ LSH ~ 8D — TSR — us,

N
SEDYE(t) = %SI + %SH + %SD + %SR —0E — puFE,
SEDRI(t) = 0F — (71 + e+ 7+ p),
STDPR(t) = y1I — v H — (3 + p)R, (3.2)

§"DID(t) = el — (01 + €D,
0 Dy H(t) =71 — (72 + 09 + p)H,
STDPB(t) = 01D + 02 H — €B,
67 DPC(t) = 3R — pC.
If we want to get the classical model then we will take= 1. By Sumudu trans-

form some results are obtained. By applying fixed point theorem, existence of solution is
discussed. We have also proved the uniqueness of solution.

4. CAPUTO-FABRIZIO DERIVATIVE FOR EBOLA MODEL

We will get a special system solution of system (3.2) by applying the Sumudu transform
on both sides of all equations of (3.2).

M(Q)%ﬁ = S[pN — %SI— %SH - %SD _ %
M(Q)%:S[%Sﬂr %SH+%SD+%
M(Q)%:S[(’E—(%+G+T+u)l],
M(Q)%ﬁ =Syl —vH — (v3s+ 1)R],
S(D(t)) — D(0)
1-Q+ QA
%Zﬂﬂf(vwraﬁu)m,
S(B(t) — B(0)
1-Q+ QA
S(C(t)) — C(0)

M(Q)m =Sk — pCl.

SR_MSL

SR — oE — pE),

M() = Slel — (01 +£)D],
M(Q)

M () = S[o1D + oo H — £B],
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By Rearranging

(1-Q+0QA) Big, B - B By

(1-Q+0Q4A)
M(©)

S(S(t)) = 5(0) + SR — uS),

Bi Br Ba B
S[NSI—F WSH + FSD + WWSR —oE — uE),
(1-Q+QA)
M ()
wshﬂ —72H — (v3 + )R], 4.3)
(1-Q+0A)
M()
(1-0Q2+0A)
M(Q)
(1-Q+0QA)
M ()
(1-Q2+0A)
M(Q)
Now applying the inverse Sumudu transform on both sides of equgtidn we have

5(0) = 5(0)+ S [y S - 551 - psH - 5D~ (SR us)

E(t) = E(0) + S‘l[WS[%SI + %SH + %SD + %SR —0E — uE)),

S(I(t)) = I1(0) + S[oE — (m +e+ 1+ p)],
Slel — (o1 +€)DJ,
S[tI — (v2 + 02 + p)H],
S[O’1l)—|—(‘)’2[{—€B]7

S[ysR — pCl.

I(t) = I(0) + Sl[(lj\i}(g)ﬂA)S[aE —(m+et+T+pI),
R(t) = R(0) + 5P SIu L — af — Ga )R],
D(t) = D(O) + 5 Sl - (o1 + )L
() = HO) + 5 (ST - (a4 ],
B(t) = B(0) + SHW&[QD + oo H — £B]],
C(t) = C(0) + S‘l[(l_]\?(;;m)S[ng — uC1).

The fO”OWing recursive formula is given
7(9) S[{LNf—SIf—SHf—NSl)f—SRf/LS]],

(1-Q+QA) . B B Ba By

Spi1(t) = S (0)+S71]

Eni1(t) = E,(0)+S7Y ~
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(1_]\22(5)%5[%1 — 2 H — (v3 + p)R]], (4. 4)

Dn41() = Dn(0) +$1[(1_ﬂg}(+mm>

Hyi1(t) = Ha(0) + gl[(l_j\?&;)m)

Bpi1(t) = B, (0) + Sl[w

Cuat) = Cu(0) + 871

S[oE = (m+e+ 71+ ],
Roi1(t) = R,(0) + 871
Slel = (o1 + &) D],
S[rl = (72 + o2 + p) HJ,
Slo1D + oo H — £B]),

Sl R — uCl).

and the solution of4.4) is given by
S(t) = limy—ooSn(t), E(t) = limy, oo En(t),
I(t) = limp—ooln(t), R(t) = limy— oo Rn(t),
D(t) = limp—ooDn(t), H(t) = limy oo Hp (t),
B(t) = limp—o0oBn(t), C(t) = limn—ooCn(t).
4.1. Fixed point theorem for stability analysis.
Theorem 4.2. Let(Z1,|.||) be a Banach space and P be a self-magpfkatisfying

|P, — P,|| <Cllz— P;|| +c||z —y|| forall z,ye Z; where0 < C, 0 < ¢ < 1. Suppose
that P is picard P-stable. Let the following recursive formula fréthconnected tg2.2).

Spi1(t) = Sn(0)+81[WS[NN—J%SI—%SH—%SD—%SR—HSH,
Enii(t) = En(o)+3—1[WS[%SI+%SH+%SD+B]\;SR—UE—MEH,
Loialt) = 1,0) + § S0 = (ot 7 1L
Rua(t) = Bo0) + 8 [T = 0l = o+ )R],
Daia(t) = D, (0) + 8 (T LS — (o0 4 €1
Hoia(0) = H(0) + 8 (2SI = a4 ],

Bpi1(t) = B,(0) + 3—1[(1_]\;2(5)%8[0@ +o09H — £B]),

Cuat) = Ca(0) + 5[ EEE SR - C),

(1-Q+QA)

Q) is the fractional Langrange multiplier.

where



32 M. Farman, Q. B.Rashid, M. U. Saleem and A. Ahmad

Theorem 4.3. Let us define a self-map P as

(1-0+0A) Bir Broy Bior B

P(En(t)) = Epyr(t) = En(0)+8*1[wS[%SI+%SH+%SD+&SR—0E—MEH,

P(Sn(t)) = Sn-‘rl(t) = Sn(o)_ksil[

M(Q) N
PUL0) = L) = 1,00) 4 ST EBE Sl - (0 + e+ ]
P(RA(0) = Rua(!) = o(0) + S 2 St =l = (00 4 R
P(DA0) = Duia(6) = D,(0) + § 2SIl = (01 + )L
PUHL(0) = Huoa (6 = Ho(0) + 57 o2 S[r1 — (0 -+ 02 4 AL
P(B,(t)) = Byt1(t) = B, (0) + 51[(1_]\?(5)%5[011) + oo H — £B]],
PCA(1) = Cua(®) = Cu(0) + 5 T2 B s p .

M($)
The system is P-stable it (a, b) if

Bi

(1= (M + 32) 2 3) = (M + 345) 2 () — (08 4+ 01) P2 )

(M + M) 21 (3) i) < 1,

Bi

< Sh(a)

f(y) + (Mz +M3)5 N

(1+ (M + M) Nhg(v) + (My + My)

+(M; +M5)%”I
{1+0fi(7) =11 (7) = ehi(v) = 7I(v) — pi(v)} <1,
{1+v191(7) + v292(7) — vags(y) —pi(1)} < 1, (4.5)
{1+ eh(y) —orfaly) =Sk} < 1,
{L+70L(7) —v2g2(7) — pi2(7)} < 1,
{1+o1fa(v) +o2f3(7) — Ek(v)} <1,

{1+ w393(7)} < 1.

(v) —ogi(v) —pi(y) <1,
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Proof: Firstly we have to show that P has a fixed point. For this, we evaluate the following.
V(m,n) € N x N

P(Sn(t)) - P(Sm(t)) = Sn(t) - Sm(t)"'

-1 (17 Q+0A) _ @' _ ﬂh _ @d _ Lgv _ _
ST M) S[uN Sl = 57 SnHn = 5290 D — < S0 Ry S]]
-1 (17 Q+0A) _@’ _ﬂh _ﬁd _@ _

ST ) SMN’<NSmh1 7 SmHm = 57 Sm D = L S Bon S]],

P(En(t)) = P(Em(t)) = En(t) — En(t)+

(L4 QA) 5 Bn Ba By _ _ _
ST M) S[NSnIn + ~ S, H, + NS"D" + i SpRy — 0cE, — nEy]]
1 (1 —Q+ QA) ﬂz ﬂh ﬂd ﬂ,y _ _

S [7M(Q) S[—N Sl + N S H o+ N SmDm+ N SmBm—0Em—uEy]],

P(In(t)) - P(Im(t)) = In(t) - Im(t)"'

. (1=0490A) o o B
S [7M(Q) S[oE, —wl,— €I, — 11, — ul,]]
1-Q+0QA
s*é——i—iﬁd%—m%—em—ﬂﬁ—MML

M(Q)

P(Rn(t)) - P<Rm(t)) = Rn(t) - Rm(t)+

_1.(1—-=Q+ QA
S 1[(M(Q))5[V11n +voH, — 3R, — puR,]]—

1-0Q+ QA
Sil[gs[yljm + V2H7n - V3R7YL - ,Ume]L

M(Q)

P(Dn(t)) = P(Dm(t)) = Dn(t) = D (t)+

L (1-Q+0QA)

S [WS[G I, — 01D, — fDn]]_
L (1=Q+0A)

S 1[WS[€ Im - Ule - gDm]]v

(4. 6)

P(Hn(t)) - P(Hm(t)) = Hn(t) - [{m(t)Jr

(1 -9+ QA
S 1[(1\4((2))8[7'171 — I/an — O'QHn — ILLHn]]—
s U A o H — oo H,, — pHo ],

M(2)



34 M. Farman, Q. B.Rashid, M. U. Saleem and A. Ahmad

P(Bn(t)) = P(Bp(t)) = Bn(t) = Bm(t)+

1=+ 0A)
S I[WS[Uan +ooH, — an]]_
S—l[WS[ale + 02 Hy — EB,]],
B 1=+ 0A)
P(C(t)) — P(Cra(t)) = Cr(t) — Con(8) + S 1[W3[u33n — nChll—
L (1=Q+QA)
S [WS[VSRm — uChpl]-

By taking norm on both sides of the first equation(4%),we get
1P(Sn (1)) = P(Sm(E)l = [15n(t) = Sm(t)

(1 -=Q+0A) Bi B Ba &
+ 8 (ST = (ST, = (S, = {SuD, — (28, R, — 5]
1-0+0A :
51[((5))5[” b NS ﬂhs H, fﬁds Dy, ﬁ”SmRmqum]]ll

4.7)
By triangular inequality, this equation becomes

[1P(Sn (1)) = P(Sm(O)] < [15n(t) = Sm @]

1-Q+ QA ;
+ |81[(M(};))5[u B 2SI, ﬂhs H, ﬂds D, - SR — S]]
1 (1-92+0QA) Bi B ~ Ba B
-S [WS[MN_NS’"  SmHm— 7 SmDim ’YSmRm_,USm]]H

(4. 8)
By more simplification we get

[1P(Sn(t)) = P(Sm())]] < [[Sn ()—Sm(t)l\

1 ( Q"’QA) _ﬁi
+S [Sw[ I (S Sm)”"‘HWSm(In—Im)H

. - 6
I H (S0 Syl + 1 S (H — o)l 4+ 2D (S5~ 5,1

15D = Do)+ [ Ra(S0 — 53]

—f
+ I ”S (R — Rl + |2(Sn — S]] (4. 9)
Because both solutions have the same role we can assume that
[Sn(t) = Sm () = [ 1n(t) — Im ()|,

19(t) = S ()| = [[Ha(t) = Hn (D],
19 (#) = Sm ()] = [[Dn(t) = D (B)]];
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150 () = Sm (@) = [[Rn(t) = R (8)]]-
By putting this in equatiori4.9),we have

[1P(Sn(t)) = P(Sm(D)] < [[Sn(t) = Sm(?)

rs1s U= 08) ) b 5108, — 5]

W[”Tjn(sn —Sm)
6}1

+li

Ha(Ss = Sl [ 72250(80 — S0l + 12 Du(S — Su)ll (4. 10)
—Pa
N
IS~ S+ (S0 — S

Sincel,,, S,., H,, D,,, R,, are bounded therefore we have five positive constants
My, M3, My andM; ¥V tsuch that| I, || < My, ||Sml| < Mz, [|H,|| < M3, ||Dnl| < My
and||R,|| < Ms,V(m,n) € N x N. Substitute in equatiofiL0), we get

2SS0 = Sl + | RS — S

[P(Sa(0)) ~ P(Sm(®)]] < (1~ (M + M) 2 1(3) = (0 + 1) () .
(0 + M) 2 hy) - 01y 4 M@ﬁ—m) s OSe — Sull,
Heref,g,h,I,j are functions fron~ [S%B?A)].
Similarly we can get
IP(EW(®) — P(En(®)] < (14 (My + M) 2 f(3) + (M + Mg) D ()

N N
(M + My) h(3) + (M + Ms) 2 T(3) = 772(2) = I ()10 = Sl

[1P(Ln () =P(Im ()l < {1+ o f1(y) = vig1(7) — €ha(v) = 711 (y) = i (M)} S0 —=Smll,

[P(Rn(t) — P(R(t)|| < {1+ v191(7) — v2g2(v) — v3g3(7) — i (7)} |Sn — Smll,

|P(DA(6)) = P(Dn (@) < {1+ el (3) — 01f2(1) — Gk} S0 Sl
|P(HR() ~ P (O] < {1+ 7h(3) = v92(7) ~ 150} S0 = Sl
IP(B(1)) — PBa(t)l < {1+ 01/2(3) + 02 5(1) — EK)} 10— Sl
IP(Co(t)) = PC(0)]| < {1 +w3g5(1) = mi)} IS0 = Sl (4.12)
where
51 5 ﬁd
(1= (M + Ma)— f( )—(M2+M3)Wg() (M2+M4)N 0]
(M + M) 21 (3) i) < 1,
(1 (M + M) 2 73) 4+ (My + Mg) 2 () + (M + M) 22 ()
HO + M) 1(0) — 01 (2) — i) < 1.
{1+ 0f1(7) —vig1(y) — eha(v) = 71 (v) — pj(v)} < 1, (4.13)

{1+ vig1(7) + vaga(v) — v3g3(y) — uj(v)} < 1,
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{14 ehi(y) — o1 fa(y) — Ek(7)} < 1,
{14+ 7L(v) — v2g2(y) — pja(7)} < 1,
{L+o1fo(y) +o2f3(y) = Ek(7)} < 1,

{1+ w3g3(7)} < 1.

Thus the non linear P-self mapping has a fixed point. Now we will show that P satisfies the
condition in Theorem.2.
Let (4.11) and(4.12) hold and therefore using

C = (0,0,0,0,0,0,0,0)

(1 — (My + M) B f(v) — (Mo + M3) 2 g(v) — (Ma + My) %2 h(v)

—(M; + M) 3 1(7) = (7)),

(1+ (My + M) f(7) + (Mo + M3) % g(y) + (M + My)32h(v)

+(M + Ms) S 1(v) — oji(v) — 1j (7)),

{1+ 0fi(v) =1rg1(7) = eha(y) = 7L(y) = pi(7)} @. 14)
{1+ v191(7) + vaga(v) — v3g3(y) — (7))},

{1+ ehi(v) —orfa(y) = k(M) },

{1+ 70L(y) — v2g2(y) — i)},

{1+ o1fa(y) +o2f3() — Ek(7)}

{1+ wv395(7)}.

Then the above shows that condition of Theorém exist for the nonlinear mapping P.
Hence all the conditions in Theorefr are satisfied for the defined non-linear mapping P.
Hence P is Picard P-stable.

4.4. Uniqueness of the Special SolutionHere, by using iteration method we will show
the uniqueness of special solution of equat{8r2). We suppose that equatigf.2) has
an exact solution by which, the special solution converges for a large number m. Hilbert
spaceH = L(a,b) x (0,T) is defined byy : (a,b) x (0,7) — R such that
[ [ uydudy < co. We have the following operator
uN —Bigp - Bugy — Bagp — B SR — uS,
s By
Bigr 4+ BugH + 218D + 2SR — oF — uE,
oE—(m+et+7+ul,
Nl =7H - (3 +pR,
el — (Ul + f)D7
1 — (2 +o2+p)H,
0'1D + O'QH — fB,
3R — pC.
The purpose of this part is to prove that the inner product of
P((Zn — 219, Zoyr — Zaa, Z31 — Zs2, Za1 — Zaz, 51 — s,

P(S,E,I,R,D,H,B,C) =
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Ze1 — L2, Ly — Lz, Zg1 — Zs2), (Wi, W, W, ..., Ws)),
where(Z11 — Z12), (Za1 — Za2), ..., (Zs1 — Zg2) are special solution of system. However

P((Zn — Zy9, Zyy — Lo, Z31 — Z3a, ..., Zg1 — Zga), (W1, Wa, W3, ..., Ws))

(52(Z11 — Z12)(Zs1 — Zso) — %(le — Z12)(Z61 — Zs2)
Z11 — Z12)(Zs1 — Zs2)) — %(Zu — Z12)(Za1 — Zaz) — (X11 — Z12), Wh),
(%(Zn — Z12)(Z31 — Z32) + %(Zn — Z12)(Z61 — Zg2)
+54( 21y — Zv2)(Zs1 — Zsz) + %(le — Z12)(Za1 — Z42)
—(0 + p)(Z21 — Za2), Wa),

0(Zan1 — Z22) — (1 + €+ 7+ p)(Zs1 — Z32), W),

vi(Z31 — Z32) +va(Zer — Ze2) — (v3 + pu)(Za1 — Zaz), Wa),
€(Z31 — Zzz) — (01 +&)(Zs1 — Zs2), Ws),

7(Z31 — Z32) — (v + 02 + p)(Ze1 — Zs2), We),

01(Zs1 — Zs2) + 02(Ze1 — Zs2) — E(Zn1 — Zr2), Wr),
v3(Zy1 — Za2) — u(Zg1 — Zs2), Ws).

z[»=

—~

(
(
(
(
(
(

(4. 15)

By evaluating first equation dft.14)

(_Afi (Z11 = Z12)(Z31 — Z32) — %(Zu — Z12)(Zs1 — Ze2) — %(Zu — Z12)(Zs1 — Zs2)
—%(le — Z12)(Za1 — Za2) — i(Z11 — Z12), Wh)
= (—]51' (Z11 — Z12)(Z31 — Z32), Wh) + (—%(Zn — Z12)(X61 — Xe2), W1)

+(—%(le — Z12)(Zs1 — Zs2), W1) + (—%(Zu — Z12)(Za1 — Z42), Wh)
+H(—p(Z11 — Z12), Wh), Wh)
(4. 16)

Since both the solution play same role, we can suppose that
(Z11 — Zh2) = (Zo1 — Za2) = (Z31 — Z32) =, ..., = (L1 — Zga).
Then the equatiof.15) becomes

(?{?i (Z11 — Z12)* — %(Zn — Z12)* — %(Zn — Z12)? — %(Zu — Z12)?
—u(Z11 — Z12), Wh).
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By relationship between norm and inner product , we will get

—Bi
( N

(Z11 — Z12)? — %(Zu — Z19)* — %(Zu — Z19)* — %(Zu — Z19)?

—,U(Zu - le),Wl)

= (_J\él (Z11 — Z12)?, W1) + (_%(le — Z12)2, W) + (—%(Zu — Z12)?, W)
+(—%(Z11 — Z12)2, W) + (—u(Z11 — Z19), W)

Bi Bh Ba
< NH(ZH — Z2)?|| WAl + NH(ZH — Z)?)Wall + WH(ZH — Zu2)?)l[|Wh|

B
+ﬁ||(Z11 — Z)) Wil + pll(Z11 = Zaa|l[|Wh |

= Qi+ Doy 4 004 Bry )20~ Zun) WAL
(4. 17)

Repeating the same pattern from second to eighth equatiehldf), we find
(%(Zn - Z12)2 + %(Zn - 212)2 + %(Zn - 212)2 + %(Zn - Z12)2
—(O’ + ,u)(Zgl — Z22)7 WQ) (4 18)

< Biyt- Py 4 Do 4 Doy b (04 0)) (20 — Z) W02

(0(Za1 — Zaa) — (1 + €+ 7+ ) (Zs1 — Zs2), W)
<(oc4+vi+e+7+pl|(Zs1 — Zs2)|||Ws],

(V1(Z31 — Z32) + v2(Ze1 — Ze2) — (V3 + 1) (Zar — Za2), Wa)
< (i va+ 3+ p)[(Zar) = Zall [ Wall,

(e(Z31 — Z32) — (01 + &) (Z51 — Zs2), W)
< (e+ o1+ Zs1 — Zs2) || |Ws]],

(1(Z31 — Zzz) — (V2 + 02 + 1) (Ze61 — Ze2), W)
< (T +ve+ o2+ w)(Zer — Ze2) ||| Well,

(01(Zs1 — Zs2) + 02(Ze1 — Ze2) — E(Z71 — Z72), Wr)
< (o1 + o2+ §)(I(Zn1 — Zn)|[|W=]),

(v3(Za1 — Zag) — p(Zs1 — Zs2), Ws)
< (vs + w)[[(Zs1 — Zs2) [ W]|-
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Putting equatiorj4.16) and(4.17) in (4.14), we get
P((Zn — Z2, Loy — Zag, Zizy — Z3a, ...y Zg1 — Zga), (Wi, Wa, Wi, ..., Ws))
w1+ By + B 4 By 4 )|[(Z11 — Zaa) ||| WAl
Nw2+ﬂhwz+ﬁdw2+‘“w2+<u+o>>||<zm Zoa)|[|Wa,

(%

(

(0 +v1+e+7+p)(Zs1 — Zs2) || W3l
(1 +ve +vs 4+ p)[[(Za1) — Zao[[[Wall,
(
(
(o
(

IN

e+ 01+ 9(Zs1 — Zs2)[[[[Ws]],
T+ w2+ 02+ p)|[(Ze1 — Ze2) || |Well,
o1+ 02+ &) ((Zr1 — Zn)|[|W7]),
vs + w)||(Zs1 — Zs2)l[|Wsll-
But for sufficiently large values of;, withi = 1,2, 3, ..., 8 both the solution converge

to exact solution, using the topological concept, there exist eight very small positive para-
meters,,,, lmn,, ---lms SUch that

l
S— Z1 IS = Zol < —
| il 2| 3B+ D oo+ 28+ S )| (Z11— Zaa) W |

lm
IE = Z1||1E = Zofl < 5 2
3( G wat T wot S wat G wat (ut0))l(Z2r— Za2) || Well’

l"”.
1= Z0 LI = 22|l < sermrasmiiza—zamman

Im
1B = ZL B = 22|l < s sz =z

Ly
5]
3(eto1+8)[[(Zs1—Z52) [[[|Ws]| ?

1D = Zu|L[[D = Ze|| <

lVYl
1 = Zi|[1H = Z2|| < sttt (Zor—Zo WA T

1
m7
3(o1+02+8) ([(Z71—Z72) ||| W7 ]

1B = Zi[|IB = 22| <

Lm
1€ = Z1IC = Zell < sz ZemweT-
By putting the exact solution in the right side of above equation and implementing the
triangular inequality by taking

M = max(my, ma,mg, ....,mg), | = max(lm,,lmys ---lmg)

we get

(B + Brgyy 4 B2 4 ﬁ”wl + 1) [[(Z11 — Zio2)||[|WA |
(ﬁ‘w2 + ﬂh‘@ + Bdw2 + S ws + (1 + 0))|(Zo1 — Zoo)|[||Wo]|
(c+vi+e+T + )|[(Zs1 — Zsz2)||[|Ws]|
(1 +va+vs+ w[(Zar) — Zaol|||Wal|
(e+ o1 +(Zs1 — Zs2) || [|[Ws ],

(T4 v2 + 02+ w)||(Ze1 — Ze2) ||| Ws||
(o1 + 02+ 8 |(Zr1 — Zr2) | IW7||

i (vs + W ||(Zg1 — Zs2)||||Wsl|

N
~ e e
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As [ is a very small positive parameter, with the help of topological idea, we get

(i) + Brgoy 4+ B2 4 Doy 4 1)|(Z01 — Zao) ||| WA
(5’w2+ 5th+ wQ+ By + (14 0))||(Zar — Z2o)|[[| W2 ]|
(o0 4+ —i—e—i—T—&-M)H Z31 — Z32)||[|[Ws]|
(1 +vo + v+ w)|[(Za1) — Zaz||||Wal|
(e+ o1 +EI(Zs1 — Zs2)||[|W5]|,

(T +vo+ o2+ w)|[(Ze1 — Ze2) ||| Ws||
(o1 + 02+ )| (Z71 — Zzo) ||| W7l

i (s + )| (Zs1 — Zso) ||| Wl
But it is clear that
(Nwl+ﬁhW1+Bd+’H wi+p) #0, (Nw2+6hw2+ﬁdw2+ o2t (pto)) #0,

AN
=NoNoNoNoNoNoNa)

(c+vi+e+74+p) 0, +rve+vs+p) #0,(e+01+E) #0(r+va+0o2+p) #0,

(o1 +02+&) #0,(v3+p) #0
therefore we get
|1Z11 — Z12|| = 0, || Z21 — Zaa|| =0, || Z31 — Z32|| =0, || Z41 — Za2|| =0,

| Zs1 — Zs2|| = 0,|| Z61 — Ze2|| =0, || Z71 — Zz2|| = 0, || Zs1 — Zsa2|| =0
which shows that
2 = Zig, Lo = Zoo, Z31 = Z3a, Zy1 = Zyo,

Z51 = Z52! Z61 = Z62! Z71 = Z72! ZSl = ZS2
In this way, we have completed the proof.

5. RESULTS

Numerical simulation was performed to analyze the control with Caputo Fabrizio frac-
tional technique of fractional Ebola virus model. By using this technique, numerical out-
comes of susceptible population (S), exposed (E), infected (1), hospitalized (H), asymp-
tomatic but still infectious (R), population which are dead but not buried (D), buried (B),
and fully recovered population (C) for different fractional valuéXivith initial conditions
S(0) = 18000, E(0) = 0, I(0) = 15, R( ) =0, D(0) = 0, H(0) = 0, B(0) = 0,
C(0)=0and vaIues of parametears= 11 = 1000,51 =0.14, B4 = 0.40, By, = 0 29,
fr = 0.185, 11 = 10' = 9.6’01 = é*‘72 4?6“)/2 1* = 5'73 = 30'5* m are
obtained. The solution of given model consists of non—linear system of fractional differen-
tial equation has been presented by using Caputo fabrizio derivative. To observe the effects
of factors on the mechanics of the fractional order model, it can be observed at different
numerical ways having the value of given parameter with finite time. These simulations
reveal that a value change affects the model’s dynamics. First, we examine the disease-free
equilibrium point of the fractional order model and also verify the non-negative solution
of S, E, I, R, D, H, B, C and its stability is shown in figures 1 to 7. In these figures we
can see that susceptible population (S), exposed (E), infected (l), hospitalized (H), asymp-
tomatic but still infectious population (R), population which are dead but not buried (D),
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buried (B), and fully recovered population (C) has more degree of freedom comparatively
ordinary derivative. Here we can also observe that the fractional value results are more
reliable as compared to classical derivative. It gives better approach to desired value to
control the disease. The graphs of the approximate solutions against different fractional
order( are provided as in Figurds— 7. In figure 1, susceptible population starts increas-
ing by decreasing the fractional while in figure 2, 3, 4, 5 and 6 i.e, infected, asymptomatic
but still infectious population, population which are dead but not buried, hospitalized and
buried population starts decreasing by decreasing the fractional value respectively. In figure
7, completely recovered population start increasing by increasing fractional values which
show that the vaccination has minor effects on our population.

18 104 Fractional order Ebola model with vaccination
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FIGURE 1. Graph forS(t) in a timet (days) at four values df.
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Fractional order Ebola model with vaccination
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FIGURE 3. Graph forR(t) in a timet (days) at four values df.
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Fractional order Ebola model with vaccination
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FIGURE 7. Graph forC(t) in a timet (days) at four values df.

6. CONCLUSION

A nonlinear fractional order model with Caputo-Fabrizio for the treatment of compart-
ment of Ebola virus is discussed in this article. The basis of this fractional model, we made
up of non-singular exponentially decreasing kernels that appears in the Caputo-Fabrizio
derivation. Theoretical and numerical investigation of the bio-medical Ebola virus model
are presented. It shows the stability, uniqueness and applicability of the model for the con-
trol of Ebola disease in the society. Fixed point theory and Picard Lindelof approach is
used to derive solutions. The effect of the different values of fractional order is analyzed
through analysis of numerical results. We have found that fractional order systems show
richer dynamics than the classical version of the integer order. In the future, the above
research can be applied to more complex physics models. Convergence analysis shows the
efficiency and precision of the proposed method. Our results shows that fractional-order
models can provide better data turnarounds than integer-order models in some situations.
It is obvious that for adequate turnarounds, the models need further improvement and the
implementation of these improvements will greatly improve future models.
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