Application of a new approach to the Adomian
method to the solution of fractional-order
integro-differential equations



0.1. PRELIMINARY NOTIONS

Abstract

In this paper we solve fractional order integro-differential equations of Fredholm type
and Volterra type. For the solution we use a new Adomian decompositional method [5].
In the first part we give the basic notions on fractional operators, essential to our work.
The second part is devoted to the description and convergence of the method. In the third
part, the method has been used to solve fractional order integro-differential equations of
Fredholm type and Volterra type. The last part is devoted to the conclusion and some
bibliographical references.

Introduction

Many physical phenomena can be modelled by fractional-order differential equations.
In recent years, several researchers have studied fractional-order differential equations. An
analytical and numerical study has been carried out on a class of fractional-order delay
differential equations [17].
An integral-differential equation is an equation which involves both the derivatives of a
function and its integrals. It is used in a number of fields including physics, astrophysics,
electricity and economics etc.
Several numerical methods can be used to solve these equations, including the Adomian
method [16] ,[11] [3],[14] [5] the SBA method [3] [2], [4] [6] [7], [8], [9] [10] and the Mellin-
SBA method[I1]. The retrograde finite difference and Nystrom methods can also be used
successfully to solve fractional order intro-differential equations of the Fredholm type
[18].
In this paper we present a new approach to solving fractional-order integrodifferential
equations.
Key words : partial differential equation, fractional integral, fractional derivative, frac-
tional integro-differential equations.
2020 Mathematics Subject Classification : 35-XX 65-XX, 45-XX.

0.1 Preliminary notions

In this section, we give the basic definitions of fractional analysis [11], [9] [7] [12], [13].

0.1.1 special funtions
0.1.1.1 Gamma function

Where x is a strictly positive real number (or a complex number with a positive real
part), the Gamma function is the function defined on |0, +oco[ by :

[(x) = /OJFOO t" e tdt (1)
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0.1. PRELIMINARY NOTIONS

The Gamma function can be seen as a generalization of the factorial function.
we have :

F(z+1)=al(2) (2)

in particular :
I'(n+1)=n!

0.1.2 Beta function

Let x and y be two strictly positive real numbers, and the Beta function is defined
by :

1
Bley) = [ £ (1=t (3)

0

For all strictly positive real numbers x and y, we have :
()l (y)

B(z,y) = ———= 4
(@) = [ (@)
B(z,y) = B(y,z) ()

0.1.3 Mittag-Lefler function

The Mittag-Leffler function, known as Eqjne,5(2), is a special function that applies in
the complex plane and depends on two real parameters o and (. It is defined by :

+00 Zk
Eop(2) =) —F= 6
)= X tar e d (©
we note E,(z) if g = 1.
400 Zk
E2)=) ————. 7
)= 2 Far ) ")
The Mittag-Lefler function is a convergent serie. we have :
E171 (ZL’) = e
+o00 .Ik et — 1
E = =
20 = 2 G T

By (2%) = cosh(x)

0.1.4 Fractional integration and derivation

Fractional derivation [15] [1] is a concept that uses derivatives of non-integer order.

0.1.4.1 Fractional integral in the sense of Riemann Liouville

If a is a real number and « a strictly positive real number, we denote by f a locally
integrable function defined on [a; +0o0].
The fractional integral of order av of lower bound a is :

1 t
(IO = gy [ €= (8)
If there is no ambiguity, we simply note I/ f(t) or I¢f(t).
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0.1. PRELIMINARY NOTIONS

0.1.4.2 Fractional derivative in the sense of Riemann Liouville

Designate by a a real number, by a a strictly positive réel number and by n a non-zero
natural number such that : n — 1 < a < n.
The fractional derivative in the sense of Riemman Liouvielle is defined by :

1 dr

tll%LDtaf(t) = F(TL-O&)%

t
[=rretmyar )
properties :
Let a and (8 be two strictly positive real numbers, denote by a a real number, f a conti-

nuous and locally integrable function définite on [a,+o0o[ and by n a natural number such
that : n — 1 < o < n. We have :

FEDP (1) = a7 (1) (10)
SDPEEIF0) = DI () (11)
with o > 3 > 0.
sl DEFRITF()] = f(2) (12)
a[RL Mo - o Z a—j (t _ a)a—j
DR ) = 50 = LaDE gy (13)
Let m be a non-zero natural number, and we have :
dm
Tmla DEFO] =" DI f () (14)
d
" RL ya £(m) RL mym+a () (t —a)y—m"
a th (t)] —a Dt f(t)_ij(a)P(]+1_m_a) (15)
j=1

0.1.4.3 Fractional derivative in Caputo’s sense

The fractional derivative of order a of f of lower bound a in Caputo’s sense is defined
by :
1

C na —
ath(t)_ F(TL-OJ)

t
[ =myestfoyar (16)
™ denotes the derivative of order n of f and n is a natural number such that
n—1<a<n.
we also note “Dy* if a = 0.

Properties
(0% n—« dn
aCDt f(t) =a I} [%f(t)] (17)
DRI (0] = D) (18)
in particular
« « = tk
TP DEF@] = (1) = 3 5P (07) (19)
k=0 "
Examples :
D (t — ) = S (t— a)P e



0.2. RESOLUTION METHOD

°DyC = 0.
af _ LB+ 48+«
olit" = MatprD’

ol&V/t = 0.5\/7t

aItaC = ﬁ(t - a)a

0.1.5 Fredholm-type integro-differential equations :

The standard form of a Fredholm-type fractional-order integro-differential equation is

given by : | \
“Dula) = 1)+ g / (& — 1) LK (, t)u(t)dt (20)

K(z,t) is the kernel of the equation.

0.1.5.1  Volterra-type integro-differential equation

The standard form of a Volterra-type fractional-order integro-differential equation is
given by :

‘Du(z) = f(x) + F(la) /;(x —)* K (z, t)u(t)dt (21)

K(z,t) is the kernel of the equation.

0.2 Resolution method

The method we are going to describe is an improved version of Adomian’s method [5].
The method consists of introducing a new function ¢(z) which we determine. We then
derive the unknown function ¢(x)[5].

0.2.1 Description of the method on a Fredholm fractional-order
integro-differential equation

Consider the following problem :

%ﬁx) = f($) _'_ )\ fci) K(x7 t)gp(t)dt (22)
p(0) = A
with 0 < a <b.
0.2.1.1 Description
Applying the fractional integral to (22)), we obtain :
b
pw) = A+ L(f@) + AL (| K, )p(t)dt) (23)
We introduce the function ¢(z) defined by :
b
ola) = I2( | K(z.)p(t)dt) (24)



0.2. RESOLUTION METHOD

we get
p(r) = A+ I3 (f(z)) + Ap(x)
Replacing ¢(t) by its expression in ([24)), we obtain :

b

o) = A2 [ K (@, DIA+ I (f(1) + Ao(t)]dt.

a

We get
b b
é(z) = I° / K (2, t)Adt + 1°( / K (2, )12 (f(1)))dt
Y / " K () 6()dt
Posing
F(x) =12 [} K (z,t)Adt + IS [ K (z, ) [ (f(t))dt,
we get

b

Olw) = F(a) + Mz ([ K(w, 1)o(0))dt

a

The solution ¢(z) is found in the form

o(x) = f)w)

We derive the Adomian algorithm below :

{%(z)

If the algorithm (30)) converges, then we obtain ¢(x) in the form :

NS ([ K (1) a(0)dE 7> 1

+0o0
P(z) =D dnlx)
n=0
The solution of is deduced :

o) = A+ I2(f(2) + Ao()

Note

(25)

(26)

(27)

(30)

(32)

In some cases, for fast convergence, we can use the modified Adomian algorithm [5],

which consists in decomposing F'(x) into the form
F(r) = Fi(z) + Fy(x)
We get the modified Adomian algorithm :
oo(z) = Fi(x
b1

)
(z) = Fy(x) + M2 [P K (x,t)¢o(t)dt n > 1
o) = ME(fy K (2, 1)1 (1))dt 1 > 2

x

(33)
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0.2.1.2 Method convergence
Let’s go back to the algorithm (30)) :

¢o(z) = F(x)
{‘bn(x) M2 K (z,t)pn1(t))dt n > 1 (35)

with
b

F(z) = I° / " K (2, ) Adt + I° / K (2, )I2(f(1)dt

a

0.2.1.3 Proposition

Under the assumptions, f € C([0,T], K € C([a,T]?), t € [0,T] and ]Mr(?a_j:)f)m\ <1

algorithm (30]) converges.

Proof :

f€C([0,T] and K € C([0,T]?) so there are two real numbers m and M such that
()] < m and |K(z, )] < M

b

o0(e)| = 1F@) = |12 [ K. )Ade+ 12 [ K017 0)

=1L K (A + F (7))

mt®

['(a+1)

(e}

<l Ko+ )]

m1

Mo+ @

b
< Ig[/ M|A +

let : ¢ = |A+ 2.

T'(a+1)
we get :
b
o)) < M [ qdt

< Mqglb—a)=——
< Mqy( a>F(a+1)
< Mgb—a)=——
< My a>F(a+1)
< Mg——(b—
= qF(oH—l)( @)

we obtain

bula) = NI [ K 00601 (0)it

b
< NI [T M6y ()]
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We get :

b
o(@)| < AL [ Mon(t)dt|
b T
§>\|I§/a MQQW
M(b—a)T™ ,
['(a+1) |

(b—a)dy

< g

Similarly, we have :
62()| = NI [ Ko, )6 (1)t
M —a)T
['(a+1)
2|M(b— a)TO‘|3
I'(a+1)

b
< )\][j/ Mg 24t

Recurrently :

gAMb —a)T*

|¢n—1(x)| SX| F(Oé—l—l)

" (36)

we obtain

= ¢1- iy )
a+
> 160)] < et (37)

I'(a+1)

Under the conditions \M(é’_a)

Ta
oD | < 1, we get

+o0o
q
Z%Wn(w)’ < N _ M- (38)

The series

is therefore absolutely convergent.
We deduce that the algorithm is convergent.

0.2.2 Description of the method on a Volterra fractional-order
integro-differential equation

Consider the following problem :

TLD — fa) + A J§ K(z,t)p(t)dt
¢(0) =a



0.2. RESOLUTION METHOD

0.2.2.1 Description

Let’s apply the fractional integral to (40| we obtain :
pla) = a+ (@) + A2( [ K(x.t)p(t)at)
We introduce the function ¢(z) defined by :
olx) = I2( [ Kz, Opp(t)at)

We get
p(r) = a+ I7(f(2) + Ao(x)

If we replace o(t) by its expression in ([42)), we obtain :

o(@) = I2[ [ K@, 0a+ [ (£(2)) + Ao(e))]at.

We get

é(z) = I° /O K (z,t)adt + Ig(/ox K (2, )I2(f(1)))dt

AT /0 " Kz, H)6(t))dt.
Let
F(z) = I3([5 K(z,t)a)dt + I3 [ K (x, 0) 17 (f(1))dt,

we obtain

$(a) = F(a) + M2( [ K (@, 00(0)d.
We are looking for the solution ¢(z) in the form
+o0
$(z) = du(2)
n=0

The algorithm below can be deduced from this :

¢o(z) = F(x)
Pn(x) = A (Jg K (2, t)dna(t))dt n =1

If the series .
0
converge the we obtain ¢(x) such that :
“+o00
o(x) =Y dul)
0
This leads to the solution of :

p(r) = a+ L(f(x) + Ap(x)

(45)

(46)

(47)

(49)

(50)
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0.2.2.2 Convergence study
Let’s go back to the algorithm (48]) :

{%m
Gu()

with F(z) =12 [ K(z,t)a)dt + 12 [§ K(x, t)IF(f(t))dt

F(z)
A(fE K (2, ) s (8))dt 1> 1

0.2.2.3 Proposition

It is assumed that f € C([0,T] and K € C([0,7T]?). The algorithm Converges.
Proof :
feC([0,T] and K € C([0,T)?) so there are two real numbers m and M such that
|f(2)] <m and |K(z,t)] < M

=

o) = 112 [
| K)o+ 12(7(6)de)

«

(,D)adt + I /0 K (o, ) I2(f(1))dt]

mit
['a+1)

ar [© mT
< I [/0 K(z,t)|a+ WW]

(x,t)(a+ )dt]|

AN

T~

s
S

= X

There is a real L such that : |a + FTTZTM < L. We obtain

Do) < 1;[/09” K (z, ) Ldt]

< I / " MLdt]
0

< I%zM Ldt]
Man—i—l

< 77

“INa+2)

We get

(@) = M2 [ K (. )n(t)dt
MQL:L,a+2 M2Lx2a+2

)= |)\(F(2a—|—3)

< |AI%
<| $<F(a+3)

)l



0.2. RESOLUTION METHOD

Similarly, we have

o(a)] = L2 [ K (2. )n (t)d]
M3Lt2a+3
< INO(———)dt
< WL pge gy
M3L$3a+3
< 2
S verEeny)

Recurrently :
L )\nMn na+n
1
and ( +1))
L AM (@
n— 52
indeed

0u(a)] = L[ K (@, (8)d]

z L ()\Mt(a+1))n
<ua/ Kz, t)(Z dt
<N KD a5

L)\nMn+1 na+n+1
|On(2)] < I3 ( )
[(na+n+2)
L )\n—&-an—&-lxna—i-a—‘rn-‘rl

[n ()] < X( T(na+a+n+2)

)

From this we deduce
L ()\Ml.a+l)n+1

[Pn(2)] < S CESCESESY (53)

We obtain :
T ()\Mt(oa—&-l))n
Z’% < ZX Tt 1)+ 1))
L L
Z |¢n Ea+1(>‘Mta+1) X
The series N
> onla) (54)
n=0

is therefore absolutely convergent.
We deduce that the algorithm (48] is convergent.
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0.3. APPLICATIONS

0.3 Applications

0.3.1 Example 1 :Application to a fractional order integro-differential
equation of Volterra type in dimension 1

We consider the following problem :

6

“Du(x) = Tii—a)

2570 Blas 5zt + /0 (o — ) Vatu(t)dt (55)

Let us apply the Riemann fractional integral. We obtain :

u(r) = o7~ 1 (Z)Z(S‘J Dot 1o [ (o~ 1y atu(t)) (56)
Let -
O(z) = 19 /0 (x — 1) Latu(t)dt). (57)
The equation deviates :
u(z) = o~ DO TO) s gy (58)

I'(6 + 2a)
Let us replace in the expression of u(z) obtained in (58)). We obtain :

O(x) = I%( /0 " — ) Lwtu(t)dt)

= ]g[(/ox(a: — 1) ot (P — B(Of;(?i% 6) s + ®(t))dt)]

= I7[( /0 (o — ettt — (Ol‘j (56)1(3‘03 2 /0 “(@ = 1) e ] + I /0 “(x — 0 atd(t)dr)
— 1°(B(a, 5)2o+%) — %é{@:; 6) /0 "t — )t + 19 /Or(x 1) Lt d(t)di]

.y (O‘;(;ffé)* ) ppase _ Blat 5>F§‘z‘22 ?56 ga; 85 20) paysa+8) 1 po| (@ =ttt )

We get :

a+5)'a+6 o a+5)'(a+6)8(a;8+2a)(3a+9 o o X o—
D(r) = HGEALEE0) 200 _ HatOLEIOROEII0M0 oS 1 [0 [(x — 1) Lot (t)dt
Adomian Algorithm

a+5)'(a+6 a6
Do(z) = B( F+(2214£6)+ ) 2a+6
y(r) = —HHMEEOBAERITCA) plotS 4 T2[f (2 — )" ato(t)dr]  (59)

) = L2 (2 — 1) b, (1)

11



0.3. APPLICATIONS

Calculation of ®,(z)

_Bla+5)r (a +6)5 (a 84+ 2c)'(Ba +9) 4418
['2a+6)I'(4da +9) v
ap [* a1, Bla+5)(a+6) 446
+1I[/0 (=) (S gy
_Bla+ 5 (a+6)B(a;8+2a)I'(B3a+9) ,uus
T(2a + 6)(4a +9) v
ﬁ(aI:‘E;O)ér_iOé;_ 6) Ig [/()a;(x _ t)a_1$t2a+7]dt
Bla+5)(a+6)8(c; 8 +20)'(Ba +9) 448
[(2a + 6)0(4a + 9) !
Bla+5)(a+6)8(;8 +20)'(Ba+9) 4.8
[(2a + 6)C(4a + 9) v

Py(z) = —

+

a+5)'(a+6
Oo(z) =24 1:r(2214£6)+ Lot

« '« « a)T(Ba o o o—
y(z) = A ((;x(izﬁ)(r(iﬁg)) ot glots 4 1o ([ (@ — £)* atdo(t)dt] = 0 (60)

O, (z) =0;n=2;3...

We obtain : . ( I )
X - Bla+5)(a+6) 5,46
=2 (o) = T(2a+6) (61)
According to (58], we have :
5 BB (a+6) s
u(z) ==z T+ 20) x + &(x)
_ 3 Bla;5)I(a+6) L2046 Bla+5) (e + 6>w20z+6
I'(6 + 2«) I'(2cc + 6)

We deduce the general solution to the problem :

u(z) = 2° (62)

12
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Representation of u(x) = x~3

g4 — ulx)=x"3

000 025 050 075 100 125  1s0 175 200

0.3.2 Example 2 : Application to a fractional order integro-
differential equation of volterra type in dimension 2

We consider the following problem :

“Du(x,t) = ﬁtlf"‘e‘” - xif(z)ewﬁ(oz, 2) + ﬁ Jo(x — ) tru(z, t)dt (63)
u(z,0) =0
Let’s apply I}*.
T2 -0w) prreet o rar 1o o1
u(r1) = Fr )t T a2 [F(a)/o (& — 1) Lzu(z, £)dt]. (64)
We obtain :
_ x2+a€$ﬁ(a’ 2) « (e 1 v a—1
() = = far g [F(a)/o (x — 1) Lzu(z, t)dt]. (65)
Let . .
2r.t) = Kl /O (& — ) zu(z, £)di]. (66)
The equation becomes :
u(z,t) = et — e, 2) t* + O(z,t) (67)

13
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Let us replace u(z,t) with its expression in (66).
We obtain :

(1) = 17 1 r?tee?B(a, 2)

e /0 (& — 1) Lzfte” — TaT oyt 2l

a—1 x3+0¢6$6(a7 2) «

=1 [F(a)/o(x—t) Lze®tdt] — I [F(a)/o(x—t) —F(a)T(1+a)t
+ If‘[loé [ = e, o)

ma+26z l,3+a xﬁ((% 2)

Ty Pl 2 = Bl )F(1+a)/0 (v — )" evd]

+ If‘[r(la) /Ox(m 1) b, 1)l

 ta o2 a p3t3a, xﬁ(oz,Z) ' . 1 . -
_ W o 3430 Iﬂ(a, 2)B(a;a+1) N L .
~ T+ 1) Bt Bl - 0 e

We obtain the canonical form of Adomian :

2 6(, 2)e” | w33 B(a, 2)B(a; a+ 1)

a ) a a 1 * a—1
) = FafetD) — Teriia Lt [F(Oz)/o (@=4) xq)(x’(t)di
68
We get :
Po(z,t) = 5;2)?((21)1;”
Oy(2,1) = — 3””;5(551%5(){1(3)““%&+1a[ (e = O ad(a, t)dt (69)
D, (z,t) —Io‘[ fo( — ) txd, (z, t)dt
Calculation of ®4(z,t) :
233”3 ;o @
By (1) = — sz;)r’f()fi = Dy, [O‘[F(la) R R e
et B(a, 2) Bla o+ 1) ar 1 z a1 T2 B(a, 2)e”
20 =g e b 0 e o
o attiee 2’6(04 2)B(a;a+1) o 2B, 2)e” ol e
= Tmerarag 0 [r2(a)r<a+1)/( T 4Tt
o atte “EB( 2)B(sa+1) 0, e Bla e,
BN e e
G O LR P el G L CIER I
I2(@)l2(1 +a) I2(@)l2(1 +a)
=0

14
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We obtain

_ 2T B(a,2)e” 4o

q)o($,t) = F(og)ﬁ))(a—&-l)t
T Ye”B(a,2) (o a a
i) =~y I

1
()

H
enee +o00 l’a+2ﬁ(04, 2)635
We deduce from this

e’ 8o, 2)

Ut = € T a)

t% 4+ O (x,t)
=e’t

We obtain the general solution to the problem :

u(z,t) = te”

Representation of u(x,t) = te”x

ux,t)

= iz — )t Dy (z, t)dt = 0

(71)

(72)

0.3.3 Example 3 : Application to a fractional integro-differential

equation of Fredholm type in dimension 2

Consider the following problem :

Dfu(x,t) = F’E;_D;) sinx — $Azsinz + A [y atu(x, t)dt
u(z,0) =0

Let’s apply I;*. we get :
Arsine 1 At

1
t*t — t t)dt
3 T(atl) +r(a+1)/o”(x’)

u(z,t) = sinxt —

Let’s ask

o(x,t) = r )/01 xtu(z, t)dt.

I'a+1

15



0.3. APPLICATIONS

We obtain .y )
u(z,t) = tsinx — :v:;mx Mot 1>to‘ + Ap(x). (76)
We get :
t 1 Arsine 1
t) = ——— t(tsinz — t*+ A\ dt
8t = gy y P = S M)
t* 1 Arsinx t* 1 t 1
=—— | at’sinzdt — / ot Ai/ t dt
F(a—l—l)/o phsme 3 Tt h L PAasn b “00)
t*xsinxe 1, A2 sinxt® xt? 1
=" dt——/t““dtJr)\i/t 1))dt
T(a+ 1) /0 3(C(a+ 1))? Mo+ 1) o P
tYxsin \z2sinat® At® 1
= — t t))dt
S0(a+1) 3@+2) (@t 1) Tlatl) /0 o(x,1))
We deduce from this
t*xsinx \z?sinat® Axt® 1
t / to(x, 1)) dt 77
o) = 30(a+1) 3(a+2)(T(a+1))? * I'a+1) Jo ¢lz.1)) (77)
We seek the solution in the form :
+00
=D ulz,t) (78)
n=0
By injecting into and proceeding with an identification, we obtain the following
algorithm :
ol 1) = ey 1
o1(z,t) = (afzj)ff?ﬁd))? + F?cfj—l Jo too(z,1))dt (79)
Gn(x,t) = {jffl [ tdn_1(z,t))dt; n > 1
Az sinat® Axt®
t) = — t t
Ol = 3 T T a s D2 T Tlat 1) / bl
- \z?sinat® Awt® /1 " txsin \dt
 3(a+2)T(a+1)2  T(a+1)Jo 30(a+1)
A2 sinzt® Ae?sinat® (1
=— + / oLy
3(a+2)(I'(a+1))?  3(I'(a+1))2 Jo
- \z?sinat® \x?sinat® B
 3(a+2)(T(a+1))2  3(a+2)(T(a+1))?2
We deduce :
o1(x,t) = po(x,t) = ... = ¢p(z,t) = 0.
We obtain
t*rsinx
n(z,t) = ——. 80
Z On(t: D) = Sp 1) (80)

16
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The solution to the problem is :

ALSINT 1

u(z,t) = tsinx — 3 T(ag 1)75 + Ao(2)
tsi Axsinx o t*rsinx
= tsinz —
(a4 1) A(a+1)

u(z,t) = tsinx.

Representation of u{x.t) = t sin(x)

Conclusion

In this article we describe a new approach to solving linear fractional integro-differential
equations. The advantage of this method in linear fractional integro-differential equations
is that it converges more quickly to the solution if it exists. In the future, we plan to use the
method on fractional-order integro-differential equations of the Fredholm-Volterra type.

17



Bibliographie

1]

Francesco MAINARDI. FRACTIONAL CALCULUS AND SPECIAL FUNC-
TIONS, Department of Physics, University of Bologna, and INFN Via Irnerio 46,
I 40126 Bologna, Italy. francesco.mainardi@unibo.it francesco.mainardi@bo.infn.it
https://appliedmath.brown.edu/sites/default/files/fractional /21%20Fractional %
20Calculus%20and%20Special%20Functions. pdf

Pare Youssouf, Bassono Francis, Bakari Abbo and Blaise Some, GENERALISATION
OF SBA (SOME BLAISE-ABBO) ALGORITHM FOR SOLVING CAUCHY NON-
LINEAR PDE(PARTIAL DIFFERENTIAL EQUATION) IN n (n>2) DIMENSION
OF SPACE, Advances in Differential Equations and Control Processes Volume 4,
Issue 2, Pages 79 - 94 (November 2009)

Germain KABORE, Abakar Mahamat SEID, Bakari Abbo, Ousséni SO and
Blaise SOME, Application of the SBA method to the solution of some
nonlinear fractional equations in the sense of Caputo Hadamard, Univer-
sal Journal of Mathematics and Mathematical Sciences 19(2) (2023), 103-117.
http ://dx.doi.org/10.17654 /2277141723019

Published Online : January 9, 2024

Kamate Adama , Bakari Abbo, Djibet Mbaiguesse, and Youssouf Pare. Coupling the
SBA Method and the Elzaki Transformation to Solve Nonlinear Fractional Dierential
Equations,Journal of Advances in Mathematics and Computer Science Volume 37,

Issue 11, Page 10-30, 2022 ; Article no.JAMCS.93867

Youssouf Pare, équations intégrales et intégro-différentielles, Generis Publishing,
www.generis-publishing.com, published 12-2021; ISBN, 978-1-63902-582-4; Lan-
guage :French, category : science

Yindoula Joseph Bonazebi, Yanick Alain Servais Wellot, Bamogo Hamadou, Francis
Bassono, and Youssouf Pare. 2022. "Application of the Some Blaise Abbo (SBA)
Method to Solving the Time-Fractional Schrodinger Equation and Comparison With
the Homotopy Perturbation Method". Asian Research Journal of Mathematics 18
(11) :271-86. https ://doi.org/10.9734 /arjom /2022 /v18i11601

MADAI O., KABORE G., Abbo, B., SO, O. & SOME, B. (2024). THE
SOME BLAISE ABBO (SBA) PLUS METHOD APPLIED TO FRAC-
TIONAL NONLINEAR TIME SCHRODINGER EQUATIONS IN DIMEN-
SION (d=1,2,or 3)IN THE SENSE OF CAPUTO. Advances in Differen-
tial Equations and Control Processes, 31(3). Retrieved from https ://ojs.acad-
pub.com/index.php/ADECP /article/view /2443

ABBO Bakari, YOUSSOUF Pare, FRANCIS Bassono, et al. Application of the SBA
method to solving optimal control problem governed by systems of nonlinear partial
differential equations.

18


https://appliedmath.brown.edu/sites/default/files/fractional/21%20Fractional%20Calculus%20and%20Special%20Functions.pdf
https://appliedmath.brown.edu/sites/default/files/fractional/21%20Fractional%20Calculus%20and%20Special%20Functions.pdf

References

[9]

[10]

[11]

[12]

Bamogo Hamadou, Francis Bassono, Yaya Moussa and Youssouf Pare, A new ap-
proach of SBA method for solving nonlinear fractional partial differential equations,
International Journal of Numerical Methods and Applications 22 (2022), 117-137.
http ://dx.doi.org/10.17654 /0975045222009

KABORE, G., Abbo, B., SOME, W., SO, O., & SOME, B. (2024). SOLVING
A FRACTIONAL EVOLUTION EQUATION IN THE SENSE OF CAPUTO-
HADAMARD WITH CAUCHY AND BOUNDARY CONDITIONS BY SBA ME-
THOD. Advances in Differential Equations and Control Processes, 31(1). Retrieved
from https ://ojs.acad-pub.com/index.php/ADECP /article/view /2424

TRAORE Andre, Francis Bassono and Kamate Adama, On some fractional models of
Lotka-Volterra, International Journal of Numerical Methods and Applications 25(2)
(2025), 211-230. https ://doi.org/10.17654 /0975045225009

Hamdi Cherif Mountassir, Résolution numérique des équations différen-
tielles et aux dérivées partielles non linéaire et d’ordre fractionnaire par
la méthode HPM, Theése de doctorat, Université d’oran 1 AHmed Ben
Bella, Algérie, 2016 |https://apidspace.univ-oranl.dz/server/api/core/bitstreams/
9ebdbala-8747-4db9-9ca4d-55eec31d819e/content

Brahim Tellab, Résolution des équations différentielles fractionnaires, Thése Pour
obtenir le titre de Docteur en Sciences, Algérie, 2018, https://bucket.theses-algerie.
com /files/repositories-dz,/8000591416285691.pdf

Bouchenake Youssouf La Méthode Décompositionnelle D’adomian https://bucket.
theses-algerie.com /files/repositories-dz/5163815704210996.pdf

TRAORE Andre Application des méthodes Adomian et SBA a la résolution des
équations aux dérivées partielles fractionnaires au sens de Caputo, Memoire de Mas-
ter, université Joseph-ki-zerbo de Ouagadougou, 2022.

Traore Andre, Kamate Adama, and Francis Bassono. 2025. Mellin-SBA Method for
Solving Nonliear Partial Differential Equations. Asian Research Journal of Mathe-
matics 21 (3) :34-48. https ://doi.org/10.9734 /arjom /2025 /v21i3898.

Sami Segni, Hamza Guebbai, Ridha Dida, Analytical and Numerical Investigation
of Fractional Delay Differential Equations under Relaxed Lipschitz Assumptions ,
Journal of Nonlinear Modeling and Analysis, Vol. 6 (2024), Iss. 4 : pp. 1245-1254

Dida, R., Guebbai, H. & Segni, S. Efficient numerical solution of linear Fredholm
integro-differential equations via backward finite difference and Nystrom methods.
J. Appl. Math. Comput. 71, 415-428 (2025). https ://doi.org/10.1007/s12190-024-
02246-6

19


https://apidspace.univ-oran1.dz/server/api/core/bitstreams/9ebdba1a-8747-4db9-9ca4-55eec31d819e/content
https://apidspace.univ-oran1.dz/server/api/core/bitstreams/9ebdba1a-8747-4db9-9ca4-55eec31d819e/content
https://bucket.theses-algerie.com/files/repositories-dz/8000591416285691.pdf
https://bucket.theses-algerie.com/files/repositories-dz/8000591416285691.pdf
https://bucket.theses-algerie.com/files/repositories-dz/5163815704210996.pdf
https://bucket.theses-algerie.com/files/repositories-dz/5163815704210996.pdf

	Preliminary notions
	special funtions
	Gamma function

	Beta function 
	Mittag-Leffler function
	Fractional integration and derivation
	Fractional integral in the sense of Riemann Liouville
	Fractional derivative in the sense of Riemann Liouville
	Fractional derivative in Caputo's sense

	Fredholm-type integro-differential equations:
	 Volterra-type integro-differential equation


	Resolution method 
	Description of the method on a Fredholm fractional-order integro-differential equation
	Description
	Method convergence
	Proposition

	Description of the method on a Volterra fractional-order integro-differential equation
	Description
	convergence study
	Proposition


	Applications
	Example 1:Application to a fractional order integro-differential equation of Volterra type in dimension 1
	Example 2 : Application to a fractional order integro-differential equation of volterra type in dimension 2
	Example 3: Application to a fractional integro-differential equation of Fredholm type in dimension 2


