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Abstract

Aims/ objectives: We have described a model of hepatitis C (HCV). It is a system of nonlinear
fractional differential equations. We studied convergence and then used the SOME Blaise ABBO
(SBA) method to successfully apply to this system.
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1 Introduction

Hepatitis C is a viral disease transmitted mainly by blood. HCV is a public health problem because
chronic viral hepatitis C affects 71 million people worldwide, most of whom contracted the disease
through blood. It is responsible for excess mortality, mainly due to cirrhosis, followed by hepatocarci-
noma.

The main objective of this paper is to determine a model of hepatitis C (HCV) in the form of a
system of nonlinear fractional differential equations. We will also use the SOME Blaise ABBO (SBA)
method, to solve this model, as it is a numerical method that bypasses the computation of Adomian
polynomials.

2 Description of the proposed hepatitis C model

To realize the HCV model, we will combine the work of our predecessors to develop a mathematical
model to assess the effect of vaccination and antiviral treatment on the spread of HCV. This model is
denoted VSEACTR (vaccinated, susceptible, exposed, acute, chronic, treated and resistant).

To build the model, we will consider a population of size N subdivided into seven compartments, that
is seven sub-populations:




vaccinated individuals
susceptible individuals
exposed individuals

infected individuals acute
chronically infected individuals
treated individuals

resistant individuals
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This defines the parameters of the proposed model:

Parameters Parameter name
51 rate of transmission among the acutely infected
Bo transmission rate of chronically infected
B3 treaty transmission rate
v vaccine failure rate

rate of progession to acute stage from exposure

rate of transition from acute to chronic stage

without vertical transmission rate

treatment rates for chronically infected patients

treatment rate for acutely infected patients

cure rate for treated individuals
immunity loss rate
vaccine efficacy
natural recovery rate for acute state
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The mathematical formulation of this diagram is represented by the system of non-linear differential



equations defined on [0; T by:

with B = (B1E(t) + B2A(t) + B3C(t))

3 Convergence and uniqueness

Consider the general form of the following fractional ordinary differential equation system:

{ d ;;(U = R(fi(t)) + N(fi(2)) ‘

. , Vi=1,...n
fi(0) = pi

withd < a <1

Let's put Ly f;(t) =

we have:

d® fi(t)
dt>

Lefi(t) = R(f:(1) + N(fi(1)), Yi=1,..,n
Lets apply L7 (.) = I§(.) the fractional integral to (??), we have:
fit) = pi + 1§ (R(fi(1)) + L5 (N (fi(?))), Vi=1,...n
Applying the method of successive approximations to (??), we have:
FE@) = pi + I8 (R(FE®)) + IS (N(FF7H(1)), Vi=1,m; k>1
From (??), we obtain the following SBA algorithm:

{ FE) = pi + IS(N(FF2 ), Vi=1,.,m; k>1
(SBA) :

[ () = I8 (R(fE. (1)), Yi=1,..,n; n>0
Theorem

Suppose thatVk > 1, N(fF~1(t)) = M.T

[t

<1,p; € C(R"),

VO~ b k) V)~ (- 0) BB + BAW) + BCW] V(D)

dilfy) = I+AV([t) = (u+X)S(t) = [B1E(t) + B2A(t) + BsC(1)] S(t) + wR(t)

da%a(t) = [BE(t) + B2A(t) + BsC(1)] S(t) + (1 — ) [BLE(t) + B2A(1) + BsC ()] V (t)
—(T+np) E(t)

TAD — B~ 4+ r+0) A)

TOU — gA®) ~ (r+n+)CO)

CTU — m0) +rAW) — 0+ T)

PR~ )+ eAW) - (@ + ) RO

2.1)

(3.5)



fi(t) € C(Q), the p; and f; are respectively bounded by m; and M; such that
Im,; = suplp:| and IM; = sup|fi(t)| >00rQ =R" x [0;T]; Vi =1,...,n.
teQ

then the SBA algorithm is convergent and problem (S) has a unique solution.

Proof: we have the following SBA algorithm:

fEot) = pi + IS(N(fF1(t), Yi=1,.,n; k>1
fra () = I8 (R(fE. (1), Vi=1,...,m5n>0
or even
fro®) =pi, Yi=1,.,n; k>1

Summing member by member (??), we obtain:

M;T*

oo

k .

in®)=mi+ ————;i=1,...n; k> 1;
nZ:()'f“”()‘ " a1 1) - M mk21 n>0

+o0 too
from > " |, (t)| is absolutely convergent by series » _ f,.(t) is simply convergent.

n=0 n=0
Uniqueness of solution
Letbe fF,(t), g¥.(t) two solutions of (??) with
fi’fn (t) # gf,n(t) and for f and g we have the following algorithms:

fik,n#»l(t) = ISL(R(fzk,n(t)))v Vi=1,..,m;n>0

and
{ gfot) =ps, Vi=1,..,m; k>1
i1 () = I§(R(gF (1)), Yi=1,..,n; n>0

Differentiating between (??) and (??) yields:

ffo(t) - gﬁo(t) = pi—pi=0= ffo(t) = 950("1)

ff,z(t) - 952(’5)

Fha(t) — gfs(t)

fzk,n(t) - gf,n(t).

I8RO0y (1)) — I8R5 1 (1)) = 0 = £, (1)

Fia) —giant) = IS(R(fLo(1) — 16 (R(gio(1)) = 0= fl1(t) = gia(2)
IS (R(fE2 (1)) = I6 (R(gf1(1) = 0= f5(t) = gfa ()

IS (R(ff2(1)) = 16 (R(gi2(8)) = 0 = fi5(t) = gia(t)

=gF

[fo®] = Ipil < mas 8 =1,0ms k21

(@ = |I€(R(f£fo(t)))|§m;ijl, s k> 1

0] = 1RGO < (Fratrs) 5= Lo 621

a0 = RG] < (Flagg) 5= Lo £21

P = 1 REAOD] < ([t ) i = T k2 15 00

()

(3.8)
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therefore ¥n > 0 we have ff, (t) — gF,(t) = 0 = fF,.(t) = g¥,.(t); or according to the hypothesis
fEn(t) # gF .. (t); which is contradictory, so the system solution is unique.

4 Application of the SBA method to the resolution of the
model of hepatitis C

Numerical resolution of the nonlinear fractional model of hepatitis C using the SBA method.
Let’s start by reviewing the system:

d*V (t)
dte

d°S(t)
dt™

d°B(t)
dte

dA(t)
dte

d*C(t)
dte

d°T(t)
dte

d°R(t)
dte
V(0)
C(0)

BIL— (1 + ) V(£) — (1 = ) [B1E () + B2 Alt) + B:C(8)] B (1)
T4 V(1) — (4 NS() — [BIE() + B2A(t) + BsC(8)] S(1) + wR(D)

[B1E(t) + B2A(t) + B3C ()] S(t) + (1 = ¢) [BLE(F) + S2A(t) + B3C ()] V (2)
—(r+p) E®)

TE@) — (e +p+r+0)At) (4.1)
gA(t) — (m+ p+v) C(t)
mO(t) + rA(t) — (n+ 1) T(t)

nT(t) +cA(t) — (w+ p) R(t)
Vo, S(0) =Sy, E(0)=Ey, A(0)= A
Co, T(0) =T, R(0)=Ro



Assuming there are no newly infected individuals, we will assume that 1 = 0.

The equation system becomes:

TVO — ) V)~ (0= 9) BB + BAW) + 6500 B()

diifcgt) = V() = 7uS(t) = [BLE(t) + B2A(t) + BsC(1)] S(t) + wR(t)

TEO = 5B+ BAW + BCW] SO + (L= 9) L) + B2A0) + BC O] V(D)

~(r+ 1) B

CAG ) — e+ ptr+ o) At)
dt> (4.2)

PO = AW~ +utm) 00

TIW ~ 200) +5AW) — @+ w T()

TRO — ) + A1) ~ @+ 1) RO)
V(0) = Vo, S(0) =S, E(0)=Eo, A(0)=Ao
C(0) = Co, T(0)=To, R(0)=Ro

let’s talk:

Ni(B,AC) = —(1— ) [BB0) + BA() + BC(0)] E()

Na(B,AC) = —[BuB() + BaAU) + BsC(D] S0 7

No(B,A,0) = [BiB(0) + BaAlt) + BoC0] S(0) + (1= ) [BiB() + ) + BoC0] V()

Assuming the initial conditions are the same and the other parameters are expressed as a function

of u, then we have:
1
p=q=e w=o0=gp n=2p w=3u

%:SOZRO,' EQIA():COZTQZRQ,' >\:6,uet

nve) = T pse) = TR0, wpe) = TED ) = TR0
siow) = CI0 Ly =TT e = LA



the system (??) then becomes:

—2uV(t) + N1 (E, A, C)

wV(t) —7uS(t) + 3uR(t) + N2(E, A, C)
N3(E, A,C) — 2uE(t)

RE(t) = 3pA(t)

FHA(t) = SpC(t)

FHC(t) + guA( ) = 3uT(t)

2uT(t) + pA(t) — 5uR(t)

Let’s apply L™ (.) = I§(.), the fractional integral to (??), we obtain:

Vo —2ul§ (V (1)) + 16 (N1(E, A, C))

So + pI§ (V(t)) — Tuls (S(t) + 4pl5 (R(t)) + IS (N=(E, A, ©))
Eo 4 I§ (N3(E, A, C)) — 2ul§ (E(t))

Ao + pl§ (E(t) — 3qu (A(t))

Co + zulo (A(t)) — Splg (C(t)

To + 5pI8 (C(1)) gulo( (t)) = 3uls(T(t))

Ro + 2uI§ (T (1)) 4 pd§ (A(t)) — 5pls (R(t))
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Applying the method of successive approximations to (??), we obtain:

VE@) = Vo —2ul§(VF@®)) + I§(Ny(EF L AR CF 1), k>1

S*(t) = So+pl§(VE(L) — TuIg (S* (1)) + 4uls (R* (1))
HIG(N2(EF= AR CF 1), k> 1

EMt) = Eo+I§(Ns(E* 1AM CF ) — 2ulg (B (1), k>1

AF(t) = Ao+ pI§ (E*(t) — Bulg (A*@), k>1

CH(t) = Co+ sul§(A™(1) = Sul5(CH (1), k>1

TH(t) = To+ yuls (CF(t) + suls (A*() = 3uls (T*(), k>1

RM(t) = Ro+2ul5(T*(t) + qu (A"(1)) = Bplg (RM (1), k>1

The solution of (??) is sought in the form:

VE(t) = ZVf(t); k=1;2;3;...

Sk(t) = ZSﬁ(t); k=1;2;3;...

n=0

ER(t) = ZES(L‘), k=1;2;3;...
n=0

AR(t) = ZAI:L(IS); k=1;2;3;...
n=0

ck(t) = ZCﬁ(t); k=1;2;3;...
T*(t) = ZTf(t); k=1;2;3;...

RFt) = Ri(t); k=1;2;3...




by introducing (??) into (??), we obtain the following SBA algorithm:

{ Vo'(t) =V

= Vo + IS (N (EF=1 AR CF1Y), k> 1
Vi (t) =

—2ul§ (Vi(t)); n>0

{ SE(t) = So + IS (No(EF1 AR CF= 1)) k> 1
Spia(t) = I (Vi (1)) = Tul§ (Si (1) + 4§ (R (1), n>0

E§(t) = Eo + I¢(Ns(E*~Y, A= cF YY), k>1
Ef i (t) = =2ul§ (E(t), n>0

Af(t) = Ao, k>1
(SBA): { A (t) = pI§ (BR(1) = 3ul§ (An(t), n>0
CE(t)=Co, k>1
{ CEa(t) = Zul§ (AL (D) — Zul§ (Ch®), n >0

TE(t) =To, E>1
1 1
Tiea(8) = Sul§ (Co(0) + Gul6 (AR (1) = 3ulg (T (1), n >0

{ Ri(t)=Ro, k>1
Ry () = 2ud§ (T (1)) + g (A5 (1)) — Bpls (RE(t), n>0

(4.7)
At step k = 1, we obtain:

Vo (t) = Vo + I§ (N1 (E°, A%, C%))
Vi (t) = =2pI§ (Vi (1); n>0

{ S5(t) = So + I§ (N2(E°, A°, C?))
Shi1(t) = pI§ (Vi (t) — Tl (Sn(t)) + 4pls (R (1), n>0

Ej(t) = Eo + I§ (N3(E°, A°,C%))
Enpa(t) = =2pl§ (En(t), n>0

{ Apiy (t1)4

Co(t) = Co
{ Chia(t) = 3ul5 (AL(0) - SIS (CEW). n =0

O

(t) = Ao
pI§ (B (t) = 3uds (AL(t)), n>0 (4.8)

Ty (t) = To
{ Topa(t) = %M(‘)’(Ci(t)) + %ul(?(Ai(t)) = 3ul§ (T, (), n>0

{ Ri(t) = Ro
Ry 1 (t) = 2uI§ (T (t) + pl§ (An(t) — 5uls (Ry(t), n >0

Applying Picard’s principle to (?2), we find E°; S°; V°; A°; C° and T such that
N1(E°, A%, C°) = N2(E°, A°,C°) = N3(E°, A°, C°) = 0, we choose
E'=8=v=A"=C"=T"=0.



The algorithm (??) becomes:

Vo (t) =Vo
{ V() = —2u05 (VA®); 0> 0
{ S5 (t) = So
Snia(t) = pI§ (Vo (1) — Tl§ (Sp(t) + 4plg (R (1), n>0
E§(t) = Eo
{ Eppa(t) = —2ul§ (EL(t), n>0
{ Ag(t) = Ao
A (8) = pI (En (1) = 3ul§ (An(t), n>0 (4.9)
Ci(t) = Co
{ Chialt) = GuI (AL(0) = SuIg (CE®), n 20
To(t) =To
{ Tl (8) = TG (CAD) + SuI§ (ALD) = BuI5 (TL(H), 7> 0
{ RY(t) = Ro
RL 1 (8) = 2005 (T2 () + plg (AL () — 5uIg (RL(2)), n>0
Let’s calculate Vi (t); S1(t); Ei(t); Ai(t); Ci(t); Ti(t) and R} (t)
We have:
1 _ o 1 _ o _ (_2ﬂta)
V0 = =213 (V3 (1) = =215 (V) = Vo )
Si(t) = plg (Vo (£) = ThIG (So(1)) + 4pl§ (Ro(t))
B t* > o (—2um®)
= ROTLTT T D T TG T T )
1 _ a1 _ a _ (—2ut™)
Ei(t) = =2ulg (Eo(t)) = —2pl5 (Eo) = EOF(a 1)
Ai(t) = IS (Eg(t)) — 3plg (Ao(t)) = ul§ (Eo) — 3uls (Ao)
Lot (2
- TG D) TP T+ ) T T (a+ 1)
CHO = uIS(AY) — SIS (CH(D) = Julf (o) — Sulf (Co)
1 e 5 o (—2ut”)
= T 2" Tar) T T
T = GuIS(CH(0) + I (AN(D) — 3l (T3 (1)) = Sul§ (Co) + Splf (Ao) — Bl (Th)
1 o 1 a ¢ 7 C mﬂ)
= vy T ey e ) T T



Ri(t) 2ul5 (Ty (1)) + uI§ (Ao(8)) — 5ul§ (Ro(1)) = 211§ (To) + pI§ (Ao) — 5ul§ (Ro)

B e e e (—2ut™)
= 2uRopra Ty Tl Ty TRy T o 1
In summary, we have:
1 _ (_2Mta)
Vil = Vorgo)
1 _ (=2ut”)
Silt) = S
1 _ (=2pt*)
Ei(t) = Forg )
1 _ (=2pt")
Alt) = Aor(a +1)
1 _ (=2put%)
al) = Gorgi
1 _ (=2put%)
nY = T N(a+1)
1 _ (=2pt*)
) = ROF(a +1)
Let’s calculate V3 (t); Sa(t); E3(t); As(t); C3(t); Ts (t) and R3(t)
We have:
1 oyl _ o 7a (—2ut*)\ o, (—2ut*)?
VA (1) = —2ul5 (VA () = —2u18 (V()F(a +1)) = vl
Sa(t) = plg (Vi (1)) — Tulg (S1(2)) + 4uls (Ri(1))
t2a t2a t2a (72Hta)2
= —22So——— + 1442So————— — 828 =S,
2 TGy T M e ) T O T Ga 1) T O TRa+ 1)
Loy o plp)) — o T (=2p%)\ _ o (=2u)?
1 _ o/l a4l _ . ya (—2ut%) - « (—2ut%)
M) = pI§ (L) - 3uIs (AL(D) = I (Eor(a i 1)) Bl (Eor(a )
5 t2a 9 t2a (—2,U,ta)2
2 Ay P A T ma ) TN TRa )
1 _ 1 « 1 5 «@ 1 _ 1 « (72/'“5& _ § «@ (72/‘“&&)
CHO) = JuIs(Ak0) - Surs(ChO) = guts (Avp iy ) = St (0 255
t2a t2a (_2Hta)2
2 2
= — —_— = C
KO aar D T T et ~ “T@at 1)
1 o 1 o
Ty(t) = SHIG (Ci(t) + SHI5 (A3 (1)) — 3pIg (Ti (t))
[ (=2put®) R, (=2put”) a (7 (=202%)
- = e ) Z AR ) g (T 2
5H 1o (Cor(a+ 1)) + el (Aor(a+1) o \ Torry 17y
5 t2a 5 tQQ 5 t20 (_2/Lta)2
= - — 12T T =T
FI e+ 1) P @as ) T T Rar ) T P TRa+ 1)
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Ry (t) 2ul5 (T1 (1)) + ul§ (AL(8)) — 5uls (Ra(1))

2ulg (To%> + uly (Ao(fi“ta)> — 5plg (1{0%)

IMNa+1) I'a+1) Ia+1)
PR e P02t g (C2ut%)
= W Ropm Ty T Ropga Ty T Ropn iy T Bora oy

In summary, we have:
2t
WO = Wl 2§+)
20t™)
(1) = S ﬁ
2it®
Bs(t) = Eo ( 2(5—0—)12
2t™)
At = r(201j+1
2it®
G = I(‘(Zol;—i—)l)
—2ut®
(1) = T°§(2(5+)1)
_92 ta 2
R%(t) = ((2 M—i—)l)
Let’s calculate Vi (t); S5 (t); E5(t); A3(t); C3(t); T3 (t) and Ri(t)
We have:
1 _ o 1 o o (—Q,Uia)g B (—Q,U,ta)g
Vi (t) = —2uly (V2 (1) = —2uls (VOI‘(QOH—I)) = VOF(3a+1)
S3(t) = uIg(Va (1) = TuI§ (S2(t) + 4uls (Ra(t))
B 3 t3a 3 3 t3a 3 t3a B (_2’uta)3
= WS B T Ba s T By ) T T Ba )
1 _ o 1 o o (—2/.Lta)2 B (—QMta)S
EA(t) = —2uI (F3(1)) = —2u (EOF(MH)) — Bo et
1 _ e 1 _ e 1 _ e (_2”150‘)2 _ « (_2:uta)2
AN = I3 (E0) - 3l (430) = i (B i) — st (Eof s
B 3 tSa 3 3 tSa B (—Q,Ltta)g
= oy T P A ra Ty T a1
iy = Loy B iy Lo (0 (=2ut%)? 5 o (o (—2ut%)?
i) = Lulf (kD) ~ SIS (CLD) = Sul; (AOF(MH) sty (o2t
YL AT VR AP ) 120
= COF(3a+1) 10 COF(3a+1) T 'TBa+1)
1 1 @ 1 1 @ 1 @ 1
T5(t) = 5#10 (Cz(t))+§ﬂfo (Az(t)) = 3uly (T2 (1))
ol (A (202 1 (=2pt)? o (—2ut%)”
= grh (COF(Qa—i—l) +grho AOF(2a+1) —Suly F(2a+ 1)
3a 3a 3a _ fe%
T 2Ty 12Ty _ gy 2t?)

F(3a+1) T(3a+1) F(3a+1) _Tor(3a+1)
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Ry(t) = 2ul§(Ty (1) + pls (Az(t) — 5pl5 (Ra(t))
_ o (_2uta)2 yo! (_QMta)2 _ o (_QMta)z
= 2ulo (Tor(2a+1)) +ulo (AOF(2a+1)) Sulo (ROF(2a+1)>
3 3 3 3 3 e (—2ut*)?
= S Rora T R ey M P Ea s D T P TBa D)
In summary, we have:
1 (_Qﬂta)3
Vs (t) VOF(3a +1)
1 (=2p2%)
S5(t) (3 + 1§
1 (—2pt)
Es(t) °T(3a + )
1 (=2put”)
As(t) °T(3a + 1)
1 (=2ut™)
Cs(t) Co L(3a+ 1)
1 (—2ut*)°
(1) T(3a+1)
1 (=2pm)°
Rs(t) Ror(sa +1)
Recursively, we have:
Volt) = Vo So(t) = So )
I RO
1 (—2pt)* 1 _ (—2put)?
() = VOF(Qa—i—lg S2(t) = °T(2a + 1)
1 (=2put%) 1 _ (=2pt%)
Va(t) = %F(3a+1) S3(t) = SOF(SQJr 0
(2 L oy
Vall) = IF(na+1) Sn(t) = 0F(na+l)
Elt) = Eo Ast) = Ao( )
1 (=2ut") 1y — —2ut”
E® = EOF(a—i—l) Alt) = "T(a+1)
1 (=2pt)* 1 _ (=2put)*
Bt = °T(2a + 0y A = ‘T(2a + )
1 (=2put™) 1 _ (=2ut™)
Ei(t) = BT G 4 1) Ayt) = A0 1)
o oy N ok
En(t) = OI‘(na +1) An(t) = OI‘(na +1)
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1 (—2pt%)
Cs(t) COF(?)a +1)

i = Gy

With E.(—2ut®) the Mittag-Leffler function

'T(na +1)

Vi) = Voi
Stt) = Soi

n=0
E'(t) = Eoy,

To
(—2put®)
T“F(a+ 1)
(=2pm)*
P2a+1
(—2pt?)
‘T(Ba+1)

0

(=2put™)"

’T(na+1)
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At step k

{

{

= 2, we obtain:

Vi (t) = Vo + I§ (N1 (E', AT, CY))
Vi (t) = =2ul§ (ViE(8); n>0

S2(t) = So + 1§ (N2(EY, AL, C1))
Sna(t) = plg (Vi (8)) = Tul§ (Sa(t)) + 4uls (R (1), n >0

E§(t) = Eo + I¢(N3(EY, A, CY))
B2,y (t) = —2ul§ (EX(1), n>0

{ Aj(t) =
AL (t) = pl§ (EQ( )) = 3ul§ (AL(t), n>0

Cs(t) = Co
{ C2ia(0) = Sul5 (A2(0) = 2uI5(C2(W), n>0

T§(t) = To

{ T2a(0) = 3015 (C2(0) + Gl (A(0) — 3l (T2(0), n 20

R:(t) = Ro
Ry 1 () = 2uI5 (T2 () + pl§ (AL () — 5uls (RA(t), n>0

Let’s calculate N1(FE*, A*,C1); No(E*, A',C") and N3(E*, A, C)

Letsask 1 =p2=1—pand s =2u — 2
we have:

Ni(EY, AN CY = —(1—9) [BE (1) + B2AN (1) + BsCH(1)] B (2)

— 2424 — 2p] (Eo.Ea(—2ut™))?

No(E', A CY) = —[BE'(t) + B2A" () + B:CM ()] S (t)

(1-
(1-
1= 41— p+ 2 — 2] (So. Ea(—2ut™))>?
2

=1
=1
=1
[2 = 2+ 2p — 241] (So- Ea (—2ut"))?

Il
S

(1= p)Eo + (1 — p)Ao + (2 — 2)Co] Eo. (Ea(—2ut))*
(1—p)Eo + (1 — p)Eo + (21 — 2) Eo] Eo. (Ea(—2ut™))*
1—p+1—p+2u— 2] (Eo.Eo(—2ut™))?
2

1) Eo + (1= p) Ao + (2 — 2)Co] So. (Ea(—2ut™))”
)5S0 + (1 = 12)S0 + (21— 2)S0] So. (B 2

(~2ut"))

(4.10)
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N3(E', A, C")

Vo' ()
VE(t)

V3 (t)

Vi ()

[BLE!
1-9
1-—

-

(
(1 —p
(I—=9)[(1-
[
(

L—y)[(1 -

[ﬂlE () + B2

— 1= p+2p— 2] (So.E

) [2 =2+ 20 — 241) (Vo

= W

(=2put®)
Vo o+ 13

a(=2ut™)) +
B (~2ut*))*

t) + B2 A () + BsCM (1)] ™ (t) +
AN(t) + BsCH()] V()
)Eo + (1 - )Ao + (2,[1, - 2 Co] So (E

(—2ut™))?

The algorithm at step k = 2 is the same as the algorithm at step k = 1. So recursively we have:

So

(=2ut™)
e +1)
( 2u1°)*
2a+1
( 2’utoz3>

F'(Ba+1)

So

So (_2/J’ta)n
I'(na+1)

Ao

(—2pt)
'« +1)
( 2ut”)*

0

I'(2a + 12
( 2ut™)
“T(Ba+1)

(=2pt™)"
I(na+1)

0

To
L (2%
T'(a+ 1)
(—2ut*)?
°T(2a + 13)
T (—2ut*)
’T(Ba+1)

(=2t
T
0 I'(na+1)

( —2ut” ))
wEo+ (1 —p)Ao+ (2u —2)Co] Vo. (Ea

(1= p)So + (1 = ) So + (21 = 2)S0] So. (Ea(—2put"))* +

Vo + (1 — w)Vo + (21 — 2)Vo] Vo. (Ea(—2ut™))?

[ a(—2ut®))* +

A=)l =p+1—p+2p—2](Vo.Ea

(2 =2+ 2u — 2p] (So.E

(-

0
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R3(t) = Ro
—2ut™
Ri(t) = Rolg(ai 1))
2 _ ( 2Mta)2
Ra(t) = ‘TRa+1
2 _ (—=2put®)
Rt = ROF(3a+1)
2y g (22000
Rn (t) - ROF(TLO[ + 1)
The solution of the system at step k = 2 is:
2 _ - (72p’t&)n _ _ a
V() = Vogir(mH) = Vo.Bo(—2pt%)
2 _ - (_QMta)n _ _ @
S2(t) = Sonzzoif(naﬂ) = So.Eo(—2pt%)
2 _ - (_QIU’ta)n _ _ a
E2(t) = Eogir(mH) = Eo.Bo(—2ut®)
2 _ — (_2u’ta)n _ _ [eY
A%(t) = Aogir(mﬂ) = Ag.Eo(—2ut™)
2 _ G (_QIU/ta)n _ _ a
Ct) = cogir(mH) = Co.Eo(—2ut®)
2 _ - (_Q.U'ta)n _ _ «
() = Togil“(na+l) = To.Eo(—2ut")
2 _ - (_2/J“ta)n _ _ «
R*(t) = Rogir(mﬂ) = Ro.Eo(—2ut®)
With E.(—2ut®) the Mittag-Leffler function
recursively, we have:

k _ 2 _ _ - (_2'uta)n _ _ «@
VER) = V() = —Von;r(mﬂ) Vo.Eo(—2ut%)
SHt) = S(t)=..=8 i (C2°)" g Bo(—2ut®)

0 = T(na+1) 0T

0 —out®)" o
Ek(t) = E2(t) = = EO Z Ig(n5+)1) = EO Ea(—zﬂt )

n=0

> —out®)" o

n=0

o ot o

n=0

k _ 20y = (=2ut*)" _ o g
TRt = T?(t) = _TO;F(WH) To.Eo(—2ut®)

o —2ut®)" o
R*(t) = R(t)=..=Ro Y 1(“(n5+)1) = Ro.Eo(—2ut®)
n=0
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We have:

V(t):kgrfwv’“(t) = Vo.Eo(—2ut™)
S(t):kErJPOOSk(t) = So.Eo(—2ut™)
E(t):kETOOEk(t) = Eo.Eo(—2ut®)
Alt) = lim AP(t) = Ag.Eo(—2ut®)
C(t):kEIEOOCk(t) = Co.Eo(—2ut™)
T(t):kETooTk(t) = Ty.Ea(—2ut%)
R(t) = lim R*(t) = Ro.Eo(—2ut®)

The solution of the problem for o = 1 is:

V(t) = V0.€_2’ut
S(t) = Sp.e 2t
E(t) = Ep.e 2
Alt) = Ag.e 2t
C(t) = Cpe 2
T(t) = To.e 2
R(t) = Ro.e 2ut

5 Conclusions

In this work, we gave a brief review of fractional calculations, then studied the convergence of the SBA
method for a system of nonlinear fractional differential equations and gave a mathematical model of
hepatitis C. Finally, we used the SBA method, which is a numerical solution method, to apply this
non-linear fractional system. The analytical resolution enabled us to obtain an exact solution.
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