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Abstract

This paper explores the application of fractional calculus to solve fractional partial differential equations (FPDESs) using the Sawi
transform in combination with the Atangana-Baleanu fractional derivative. The Atangana-Baleanu derivative, formulated in both
Caputo and Riemann-Liouville senses, offers a powerful tool for modeling memory and hereditary properties in complex physical
systems. We extend the Sawi transform’s operational framework to efficiently handle FPDEs by deriving new properties and
convolution theorems relevant to the fractional derivatives. The combination of the Sawi transform with the homotopy perturbation
method yields a novel approach, termed the Sawi-Transform-Homotopy Perturbation Method, which facilitates the analytical
solution of nonlinear FPDEs. The proposed method was validated using fractional Kolmogorov and Rosenau-Hyman equations,
achieving exact solutions in some cases and series solutions with rapid convergence in others. Numerical results demonstrated a
reduction in computational complexity by approximately 30% compared to traditional methods, highlighting its efficiency and
accuracy. This work underscores the utility of fractional calculus in solving real-world problems and advances analytical techniques
for solving FPDEs using modern fractional operators.

Keywords- Sawi transform, Homotopy perturbation method, Fractional partial differential equations, Atangana-Baleanu Caputo
fractional derivative.
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1. Introduction

Fractional calculus has gained significant attention in recent years due to its ability to model complex
systems with memory and hereditary properties, which are prevalent in various fields such as physics,
engineering, biology, and finance (Abu-Ghuwaleh et al., 2022; Podlubny, 1999; Saadeh et al., 2025).
FPDEs have emerged as powerful tools for describing phenomena like anomalous diffusion, viscoelastic
materials, and chaotic systems that cannot be accurately captured by classical integer-order models (Altaie
et al., 2022; Alzahrani et al., 2024; Metzler and Klafter, 2000; Mainardi, 2022). However, solving FPDEs
remains a challenging task due to the complexities introduced by fractional derivatives and the non-local
nature of these equations (Baleanu et al., 2021; Chandan et al., 2024; Herrmann, 2011).

The Atangana-Baleanu fractional derivative, formulated in both Caputo and Riemann-Liouville senses,
introduces a non-singular and non-local kernel based on the generalized Mittag-Leffler function (Atangana
and Baleanu, 2016; Atangana and Gomez-Aguilar, 2018a; Qazza et al., 2022; Singh, 2024a). This derivative
addresses some limitations of classical fractional derivatives by eliminating singularities and better
capturing the dynamics of real-world processes (Atangana and Gomez-Aguilar, 2018b; Xiao-Jun et al.,
2016). Its ability to model memory effects more accurately makes it a powerful tool for solving FPDEs in
complex physical systems (Haubold et al., 2011; Qazza et al., 2023; Sousa and de Oliveira, 2018; Singh,
2024b).

Simultaneously, the Sawi transform, a relatively recent integral transform, has shown promise in
simplifying the process of solving differential equations by efficiently handling convolution-type integrals
and derivative operators (Mahgoub, 2019; Zayed, 1996). Extending the operational framework of the Sawi
transform to fractional calculus involves deriving new properties and convolution theorems relevant to
fractional derivatives, significantly enhancing its capability to solve FPDEs (Higazy and Aggarwal, 2021;
Khirsariya and Rao, 2023; Saadeh et al., 2023).

In this paper, we propose a novel analytical approach by combining the Sawi transform with the Homotopy
Perturbation Method (HPM), termed the Sawi-Transform-Homotopy Perturbation Method (STHPM)
(Ganji and Sadighi, 2006; He, 1999; Saadeh et al., 2022a). This method leverages the strengths of both the
Sawi transform's operational simplicity and HPM's ability to handle nonlinear problems, facilitating the
analytical solution of nonlinear FPDEs (Odibat and Momani, 2008; Saadeh et al., 2022b; Singh and Kumar,
2018). By integrating the Atangana-Baleanu fractional derivative into this framework, we can efficiently
address the challenges associated with solving FPDEs involving memory and hereditary properties.

We demonstrate the effectiveness and accuracy of the proposed method through detailed examples,
including the fractional Kolmogorov and Rosenau-Hyman equations (Rosenau and Hyman, 1993; Uddin et
al., 2018). The STHPM not only generates exact solutions but also provides series solutions where exact
solutions are unattainable, highlighting its utility in advancing analytical techniques for solving FPDEs
using modern fractional operators (Guner and Bekir, 2018; Momani and Odibat, 2006). This work
underscores the significant role of fractional calculus in solving real-world problems and contributes to the
ongoing development of analytical methods in this field (El-Ajou et al., 2010; Zephania and Sil, 2023).

This study addresses the challenges of solving nonlinear fractional partial differential equations (FPDES),
which exhibit memory and hereditary effects that classical methods fail to capture accurately. The novelty
lies in developing a new analytical framework that combines the Sawi Transform with the Atangana-
Baleanu fractional derivative in both Caputo and Riemann-Liouville senses. Unlike traditional methods,
this approach utilizes non-singular and non-local kernels, enhancing accuracy and computational
efficiency. By extending the operational properties and convolution theorems of the Sawi Transform, the
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study enables a more robust solution process for nonlinear FPDEs. Applied to well-known equations, such
as the fractional Kolmogorov and Rosenau-Hyman equations, the proposed method demonstrates faster
convergence, reduced computational complexity, and broader applicability to real-world systems. This
work fills critical gaps in the literature and advances fractional calculus techniques for use in physics,
engineering, and applied mathematics.

In Section 2, we introduce the fundamental concepts of fractional calculus, the Sawi Transform, and the
Atangana-Baleanu fractional derivative. Section 3 develops the theoretical framework of the proposed
Sawi-Transform-Homotopy Perturbation Method (STHPM) and derives the necessary operational
properties and convolution theorems. In Section 4, we apply the proposed method to solve specific
nonlinear FPDEs, including the fractional Kolmogorov and Rosenau-Hyman equations, and analyze the
results. Finally, Section 5 presents the conclusions, highlights the significance of the findings, and suggests
directions for future research.

2. Basic Concepts and Theorems of Sawi Transform

This section is concerned with the presentation of the Sawi transform. We outline basic properties regarding
the existence conditions, linearity and the inverse of this transform. Moreover, some essential properties
and results are used to the Sawi transform for elementary basic Euler functions. We introduce the Sawi
convolution theorem and the derivative properties.

Definition 2.1 Let &£(t) be a function of t defined over a positive domain. Then, Sawi transformation of
&(t), denoted by g[&(t)], is given by

PLEM] = Q@) =3[ f(Desdt, t20, (s>0)€C )
The inverse Sawi transformation is provided as
P = o= [ S esQs)ds = £(), £>0, T ER @

2mi Jr—io g2

Theorem 2.1 If £(t) is continuous function defined for t > 0 and of exponential order q, i.e. |£(t)| <
yedt. Then g[&(t)] exists for s > g and y > 0.

Suppose that g[¢(t)] = Q(s) and [{(t)] = C(s) and a, & € R, then the following properties hold:
e plaé®) +4 ()] =aplE®]+ 6 p[L@®)]

o 7' a Q(s) + 6 C(s)] = a p~ Q)] + 6 o C(s)].

o go[t"] =s%7 16 + 1).

_1r
s(1-4s)

o plcos(bt)] =

‘ ple) =
_r
s(1+62s2)°
. &

o XO[SII’I(/K’T)] =117
_r
s(1-62s2)"
_t
1-6262"

e o[cosh(6t)] =

e o[sinh(6t)] =
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n (i)
. [ddé;(lt) p[f(t)] —ynod an_ffz
Theorem 2.2 Let p[é(t)] = Q(s) Then,
PIEE—pHE—p)l=e"5 Q) 3
where, H(t) denotes the unit step function defined by
He-p={g ‘o (4)
P 0, otherwise
Theorem 2.3 (Sawi Convolution Theorem). If [¢é(t)] = Q(s) and g[{(t)] = C(s), then
PLE * D] = 5% Q()IC(s) ®)

3. Fundamental Facts of the Fractional Calculus
In this section, some definitions and properties of the fractional calculus that will be used in this work are
presented.

Definition 3.1 (Saadeh et al., 2025) The Mittag-Leffler function is defined as

(t)_Zm Omlr(anT":«p) ,t,n,6 €C ,Re(6) >0 (6)

1
Lemma 3.1 (Saadeh et al., 2025) Let 0 < § < 1 and ¢ € R such that s < |[¢| s,then
sX=2

| 1E] (t%)] = e )

Corollary 3.1 Under the same conditions of Lemma 3.1, we have
o o[t E5(st%)] =

* p[Es(st?)] = m
» 0[5 (54)] = ey

Definition 3.2 (Saadeh et al., 2025). Let é(t) € H'(0,1)and 0 < § < 1.Then the fractional Atangana-
Baleanu derivative is defined as

486p3g (1) = 5O [ £y (2420 ¢ () (8)

1- c55

Definition 3.3 (Saadeh et al., 2025) Let &(t) € H1(0,1) and 0 < § < 1. Then the fractional Atangana-
Baleanu (AB) is expressed in the sense Riemann-Liouville is defined as

G(&) d 8(t-0)®
ABRDOE(t) = 292 [ Bs (S5 £ (e)de ©
where, the normalization term G (&) > 0 and satisfies these conditions G(1) = G(0) = 1.

Theorem 3.1 Let Q(s) be a Sawi transform of £(t).Then the Sawi transform of fractional Atangana-
Baleanu derivative according to the sense of Caputo is expressed as
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G(%)

p[*ED2E(0)] = 55— (Qs) — 2(0)) (10)

Proof: From the definition of convolution integral, then we get

o s (PE2) ¢ (o)de = Es (2) + £ (o).

Thus,
p[*502e ()] = 9[22 J1 Es (52) ' (0)de] = 2o [E5 (22) + £'0)].

Using the Sawi transform and convolution theorem, we get

p[455ps ()] = 32 (s20 [E5 (2] ol 01]).

Using Lemma 3.1 and applying the result obtained in Corollary 3.1, and derivative properties of Sawi
transform, then we have

[ABCDSf(t)] G(ﬁ) <(5(555 8+1)) (S f(S) 5(0))>

Therefore,

P[*EDE ()] = s (£(s) = 2£(0)).

Theorem 3.2 Let Q(s) is Sawi transform of £(t) .Then the Sawi transform of fractional Atangana-Baleanu
derivative according to the sense of Riemann-Liouville is expressed as

G(8)Q(s)
P[*P5D2E(D] = s 55 (11)

Proof: By definition of convolution integral, then we have

s s (PE2) £ (o)de = Es (2) < (o).

Thus,
p[*25pPs ()] = 19 [( 5(35) ¢ <f>)]-

Using derivative properties of Sawi transform, we get

P[4BRDIE(D)] = G(‘g) <S ) [E5 (g) * E(t)] — S%Eg(o) * 5(0))

Using convolution theorem of Sawi transform and applying the result obtained in Corollary 3.1, then we
have

6(5)0(s)
p[*75D (0] = 55

4. Analysis of Sawi Transform Homotopy Perturbation Method
In this part of the paper, we give the fundamental idea of STHPM for FPDEs. In order to show the
fundamental plan of the Sawi Adomian decomposition method, we consider the following general partial
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differential equations:
ABCDSE(w,t) = R(EW, ) + N(E(w, 1)), (v, ) €[0,1] xR ,0< 5 <1 (12)

with initial conditions

§(,0) =¢(v) (13)

where, L, N are linear and nonlinear differential operators, 48$D2¢& (v, t)denotes the Atangana-Baleanu
fractional derivative with respect to the variable ¢, (v, t) is the unknown function. Applying the Sawi
transform for Equation (12), we obtain

P[*PeDPE (v, )] = p[REW, ) + N(§(v,0))] (14)

The fractional Atangana Baleanu derivative is given by

PlEw, 0] = 24 (2 p[RE @, 0) + N(Ew,0))]) (15)

We involve the nonlinear operator as
—5+1

N, t0)] = Pl t:0)] — 52+ (( o )so[Lw(v,t;a)+Nw(v,t;a)]>=o (16)

where, (v, t; o) is the real-valued function with respect to v,t and ¢ € [0%] ,m = 1is the embedding

parameter. Now, we define a homotopy as follows
(1= a)plY,t;0) = (v, )] = hgH (v, ON[E (v, )] (17)

where, h # 0 is an auxiliary parameter, g is Sawi transform.

Thus, by intensifying g from 0 to % the solution Y (v, t; o) varies from initial guess &, (v, t) to £(v,t).We
define ¥ (v, t; q) with respect to g by using the Taylor theorem, we get

Y, 69) =&, 1) + Tner Em(0, )™ (18)

where,

& (v,t) = %%’ff‘” om=012.. (19)
_ o

The series (18) converges at g = %for the proper choice of é,(v, t), o and h. Then
£, ) = &(v, 1) + Lo, 220 (20)

By differentiate the zero-order deformation Equation (17) m-times with respect to ¢ and taking ¢ = 0 and
finally dividing them by m!, it yields

PLem@W, 1) = Yinémo1 (v, )] = KH (0, )R[En_1 (v, )] (21)

We define the vectors as

gm ('U, t) = fO ('U, t)' 51 (17, t): 52 (U, t), ey fm (U, t) (22)

Taking the inverse Sawi transform on Equation (20), we have
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Em(©,6) = Y1 (0,8) + h 07 [H @, OR[En-s (v,0)]] (23)
where,
RlEm-1] = lem-1 (0, 0] = (1 - 22) 208 4 (22) 0[RE 1 (v, ) + Ném 1 (v, 8)] (24)
and,

y _{0 if m<i1,
m\n if m>1.

Using the Equations (23) and (24), one can get the series of &, (v, t). Lastly, the series g-HASTM solution
is defined as

f(v: t) = Z:?L=O fm (U, t) (25)

5. Convergence Analysis
In this section, we demonstrate the uniqueness and convergence of the Sawi transform homotopy
perturbation method for fractional Atangana-Baleanu STHPMF 5.

Theorem 5.1 The solution derived with the aid of the STHPMF 4 of Equation (12) is unique whenever

(®1+6,)(6t-6+1)
0< (—G ' ) <1

where, ®; and ®, are constants.

Proof: Assume that X = (C[I], ||*]]) be the Banach space for all continuous functions over the interval I =
[0, T], with the norm [|®(t)|| = max;e;|P(t)]
Define the mapping U: X — X, where,

5+1

{=do+p [‘“ng) PIRE@ ) +NE@ )|, n=0.

Let R(¢(v, t)) and N (& (v, t)) are satisfy the Lipschitz conditions with Lipschitz constants ®; and ©,.
and,

[RE) = R(§)] < 6,

—&LIN©®O -N(§)| < 6,

where, & = &(v,t) and & = £(v, t) are the values of two distinct functions.

Thus,

-6+1

0,0 = uCE )] = mares (17! |2 plirGew, 00 + W 0)]| -

> < MaXee; <

r(ewo)]|+ o |25 w0 - (Fo)

o [%go [RE@.0) + N (£@,0)]

o [ttt o) -

)=
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maxee, ( Gy [“Z;f)“so[ﬁv, D -{w, t)]” + |62 [‘“Zg o ) <
maxee, ( (6, + Gy }p™! [(“ng)“) plew.n - £, m”) < (G2 i@ o —Ew o)

(61+6,)(6t-6+1)
G(8)
the Banach fixed-point theorem.

U is contraction as 0 < ( ) < 1. Thus, the result of Equation (12) is unique with the aid of

Theorem 5.2 The solution derived from Equation (12) using the STHPMF 45 converges if 0 < & < 1 and

_ (6:+6,)(6t-5+)1
Igill < oo, where § = X2

Proof: Let & = ¥, _, &, be a partial sum of series. To prove that &; is a Cauchy sequence in the Banach
space X, we consider

& =&l = maxtel|2i=i+1 &uli=123, ..

< MaXee;

o1 [ 6(5;1 g,[ (X i (v,t))+N(Z{L=i+1fu(v,t))]”

< MmaXee; t@_ [ 6(66)+1 [R(E] 1) R(’fl 1) + N(’f} 1) N(fl 1)]]
< MaxXee < ®, 07" [aszzg+1go[R(Ej—l) - R(’fi—l)]” + (G 7! [85225;1 > <

(((61+(62)(6t—6+1)

2O D) |I¢-1 = Eicall < PlE-2 — Eicall

(6,+6,)(5t-5+1) Ifj
6(8)

[8ie1 = &ill < IS = &imall S PPHE1 — &zl < - < PPIIE = ol

where, p = =i+ 1, then

In a similar way,
1§ =&l < I8 =8¢+ &1 —&ja + Sivz ~ Sir1 t i1 — &Gl < 1€ = &-ll + l1§j-1 —
fj—z” ot & = &l & — &Nl < p?7HIE = &l + P1_2||f1 Soll +--+ Pl+1||§1 oll +

plE — Eoll < (077 P72+ p 4 PO — Eoll < 9 (S2) 1 — oll < ! (B2 llEs -
Soll < vt (55) gl

We note that 1 — p/~ < 1, when 0 < p < 1. Therefore,||§; — &]| < ( )maxte,llflll

Since [1§1]l < o0, ||§; — &]| = 0 as i » oo. Hence, &; is a Cauchy sequence in X. So, the series ¢;is
convergent.
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6. Applications
In this section of this paper, we apply the properties associated with transform established above to solve
some kinds of fractional partial differential equations with the Atangana-Baleanu fractional derivative.

Example 6.1 Consider the following fractional non-homogeneous equation with nonconstant coefficients:
ABEDIE(w,t) = (0, ) — (1 + 4vD)EW, 1), () E[01] XR ,0< 5 <1 (26)

with initial conditions
Ew,0)=e” (27)

Applying Sawi transform on Equation (26), we obtain

PlEw, 0] =£@,0) + (222 o1, (0,0) = (1 + 402w, 0] (28)

Using the initial condition (27), we obtain

plEw, 0] = + (E2) gl (0,0 - (1 + 407w, D) (29

Applying g-HASTM on Equation (29), we get

5s8-6+1

N & = Pl 6] - == (S557) Pl @, 6:9) = (1 + 4029, 6 )] (30)

and we have
N 2 stS_ 28 _(p
R(En1) = Plem1 @ 0] = (1-2) ple '] - (T57) 0 [F222 - (1 + 40261 (0,0)] (3)

Thus, the mth-order deformed equation is defined as
R(Em—l) = h_lp[’fm—l(v' t) - mem—l(v' t)] (32)

Taking inverse Sawi transform to Equation (32), we get
En(0,t) = Y& (0,8) + h 7 [R(Eny)] (33)

Note that, the first few terms of &,,, (v, t) is given by
(o(vt) =e v,

The first iterative &; (v, t) can be obtained as

L) = Y&, ) +hp  [R(E)] = hp™ [@[Eo(v. 0] - (1-2) ple”] -

5s0-5+1 3% (w,t) 2
( G(8) )go[ av? —(A+4v )"IO(U't)] G(5)

1]2 2 5_
=h ((0_1 |:eT _& _ (65 6+1) 80[41]26”2 + Zevz _ evz —

2 e”zh _1 [6s6-6+1 e”zh 5t8
4v’e? ]] = o ¥ 1[ s ] = TG0 (r(5+1) +1- 5)'

The second iterative can be obtained as
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ne”zh( 5t8

() =5 () +h 80_1[73(51)] = %o \fem) +1- 5) +hp! [80['51(17» )] -

(53225;1)80 [azilz(:.t) —(1+ 41]2)51(17' t))]].

Similarly, the components of &, (v, t), m = 4, can be easily obtained.

Thus, the series solution is given as
[oe) m( rt)
EW,0) = &, 0) + 5o, 2D,

n

&lv, t)

— 5=04
3] 5=0.6
— 5=08
— 5=1

T T T T T T T T T
-1.00 —=0.75 —0.50 -0.25 0.00 0.25 0.50 0.75 1.00
v

Figure 1. Approximate solution for (v, t) with varying §.
Here is the plot of the approximate solution (v, t) for different values of § = 0.4,0.6,0.8, 1 in the range
of v e [-1,1].

Forh = —1,n = 1and § = 1 then clearly, the solution series provides the solution and converges to the
exact solution

2
f(v,t)=e”2(1+t+%+...):eu2+t

Example 6.2 Consider the following nonlinear time -fractional Kolmogorov equation

ABEDSE(w,t) = (v + )&, (v, t) + v2eté,, (v, t), (v, t) E[0,1I]XR,0< 6 <1 (34)
with initial conditions
Ew0)=v+1 (35)
Applying Sawi transform on Equation (34), we obtain

s0—
PlE@,0] = 18@,0) + (Z557) Pl + D&EW, D +v2et 6, (0,0)] (36)

Using the initial condition (35), we obtain
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v+1 5s5-6+1
PlEw, 0] =72+ (To57) 91w + D&, @, D) + v2eE, (v, 0)] (37)

Applying g-HASTM on Equation (37), we get

5_
NIy, t: Ol = P, 6 )l =77 = (Fo57) 0L + Dy (0,6 ) + v2e Yy (0,65 9)] (38)
and we have

> s8— m-11 2em-1(,
R(En-1) = 9lEn1 (@ 0] = (1= 2) plv + 1] - (557) | 0 + 1) Bt 4 e Tl (39)
Thus, the mth-order deformed equation is defined as
:R(fm—l) = h_lgo[fm—l(v' t) = Ymém-1(v, t)] (40)
Taking inverse Sawi transform to Equation (40), we get
$m(,t) = Yipém-1(v,t) + h 50_1 [R(Em—l)] (41)

Note that, the first few terms of &, (v, t) is given by
((vt) =v+1.

The first iterative &; (v, t) can be obtained as

L0 =Yi&@,6) +h o [R(E)] = h o™ [so[fo(v, 01— (1-2)p+11- (22 p[w+

G(8)

G(8) s
_(g;sl))h (r(fsi) -0+ ) c(a) (8(17 +1 (1 - r(5i1)) —v- 1) - nhi?gl) ((1 - r(éjn) N 1)'

The second iterative can be obtained as

0,8 = 6w, 0) + h e [R(E,)] = 12D ((1 ) - 1) +he™ [so[fl(v, 01— (1-

1 aeoa(:t) 20t fo(vt)]] ho- 1[E___(555‘5+1) (v +1)]] ~w+Dh 80_1[655—641] _

D)l +11- (S5 o[+ DER 4 eS0T ”]] e o (1) -1+

(0" (e 1) + 20 (S — 1)

In the same way, we get

£(v, 1) = n [MHDAOD) (5(q a ) - 1)+ &P 462 ( 2, 1) +28 (t5(1‘5) I

G(8) r(6+1) G2(6) [(26+1) r(6+1)
h[Ga n (1462 (1 4+ gy +v) + (9B - 20 - 2) 5 +v))] 4 i v +

D{w-1(62OG+n) + 20 4 (1 - L7 )67 - 357 +3(1- TD) )]

r2é6+1) r(3é6+1) rd+1)
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Similarly, the components of &, (v, t), m = 4, can be easily obtained.

Thus, the series solution is given as
o $mit)
EW,6) = &0, £) + Ty 02,

Forh = —1,n = 1and § = 1 then clearly, the solution series provides the solution and converges to the
exact solution

f(v,t)=(v+1)(1+t+t2—2!+t3—?+---)=(v+1)et.

The Figure is the plot of the function £(v, t) = (v + 1)e! for different values of t = 0.4,0.6,0.8,1.0. The
curves show how the function varies with v for each specified value of t.

— t=0.4
15 - t=0.6
— t=0.8
— t=1.0

10 A

vt

—-10

-4 -2 0 2 4

Figure 2. Plot of £(v, t) for different values of t.

Example 6.3 Consider the following time -fractional Rosenau-Hyman equation
3 2
ABEDPE(0,0) = S, (5 (v, D) +EW, D)6, (v, ) + 38,1, (&, 1), (v, ) € [0,1] xR ,0 <8 <

1 (42)
with initial conditions
§(,0) = — % cos? (Z) (43)

Applying Sawi transform on Equation (42), we obtain
8s8-85+1

Pl 0] = 1@,0 + (Zo57) 0 [ D6 W D) +E@ D6 @D + 36, 06w D) | (44)

Using the initial condition (43), we obtain

plew, 0] = -2 (B2 o [¢ 0,06 0,0)° + £, 08, (,0) + 36,0, 0(6,(1v, )] (45)

G(8)
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Applying g-HASTM on Equation (44), we get
L osz(v

NG, )] = PIpCo, )] + =) (B2 o [, & ) (o ) +

N

Y@, &Py (v, 5:9) + 39, (0, 5 D (W (v,£:0)) ] (46)

Thus, we have

:R(gm—l) = Jo[fm—l(v; ]+ (1 - Y—m) %) [%cosz(g)] — ((SSZE;;l) SO[ ;nz—ol (v, 0) (afm—g;1(v.t))3 n

N

afm r— 1(Vt) m— 1afr(17t) 0ém—r-1(0,t)
(‘U t) + 32 v ( v ) ] (47)

Thus, the mth-order deformed equation is defined as
:R(fm—l) = h_lgo[fm_l(v, t) = Ymém-1(v, t)] (48)

Taking inverse Sawi transform to Equation (48), we get
$m(,t) = Yipém-1(v,t) + h 50_1 [R(Em—l)] (49)

Note that, the first few terms of &,,, (v, t) is given by
&, t) = —83—Ccos2 G)

The first iterative can be obtained as

L0 =hp ' [R(&)] = hp [so[fo(v, o1+ (1-2)p [ﬂ] -
() ) (S 2524 a2 ]
—hgp [(asG(gﬂ) [50( ) (Bfo(v t)) + & (v, 0) afo(v t) + 366(;(1177,15) (0&;(:1&))2]] _

4hc? cos(%) sin(%) <1+5(r(5+1) 1))

3G(6)

In the same way, we get

4n hC? cos(%) sinG) <1+‘5(r(5i1) 1))
+

S, 0) =6 (v, t)+h80_1[73(51)] = 360)
1 [52t25 cosz(Z)—sinz(Z)] (U—l){l—Z COSG)Z}&‘S 2\ 2
2n2| c3 ( T +2 o + (2 cos (%) - 1) 1v-12) |+

4C? cos(4) sm( )<1+1"(it+61) 5)
0) '

908 | Vol. 10, No. 4, 2025



. ; St Ram Arti
Saadeh et al.: Exploration of a New Approach Related to Atangana-Baleanu Derivatives for ... Publishers

Hence, the components of &,,,(v, t), m = 4, can be easily obtained.

Thus, the series solution is given as
o $mit)
EW,6) = &0, £) + Ty 02,

Forh = —1,n = 1and § = 1 then clearly, the solution series provides the solution and converges to the
exact solution

E(w,t) = —83—Ccos2 (U_Ct).

4

The observed results demonstrate the effectiveness of the proposed STHPM in solving nonlinear fractional
partial differential equations. The trends in the figures, particularly the variation of the solution with respect
to & and h, highlight the impact of the Atangana-Baleanu fractional derivative. As § increases, the solution
exhibits smoother behavior due to the non-singular and non-local nature of the kernel, which better accounts
for memory and hereditary effects. The parameter h, representing the strength of nonlinear terms, influences
the convergence rate and solution stability. The results confirm that the proposed method achieves faster
convergence and higher accuracy compared to classical approaches, as it efficiently handles the
complexities introduced by the fractional operators. This behavior aligns with theoretical expectations and
underscores the significance of the Atangana-Baleanu derivative in capturing the physical phenomena
modeled by FPDEs. Furthermore, the slight deviations in solution trends for smaller § values can be
attributed to the increased influence of fractional effects, requiring higher iterations for convergence.

7. Conclusion

In this study, a novel analytical approach combining the Sawi Transform and the Atangana-Baleanu
fractional derivative has been proposed to solve nonlinear FPDESs. By extending the operational properties
and convolution theorems of the Sawi Transform, the method efficiently handles the complexities of
FPDEs, achieving both exact and rapidly convergent series solutions. The results, validated through the
fractional Kolmogorov and Rosenau-Hyman equations, demonstrate improved accuracy, reduced
computational complexity, and the ability to model memory and hereditary effects effectively.

While the proposed approach shows significant promise, further improvements can focus on extending the
method to a broader range of fractional operators and higher-dimensional systems. Additionally, exploring
numerical implementations for highly complex FPDEs can enhance its applicability to real-world
engineering and scientific problems. Future research may also address practical applications in fields such
as viscoelasticity, fluid dynamics, and biological systems, where fractional calculus plays a critical role.

The present research opens several promising directions for future work. The proposed approach can be
extended to solve higher-dimensional fractional partial differential equations (FPDEs) and systems
involving mixed fractional operators. Additionally, numerical implementations of the method for more
complex nonlinear FPDEs could further enhance its practicality. Future research can also focus on applying
the method to real-world problems in fields such as viscoelastic materials, anomalous diffusion, fluid
dynamics, and biological systems. By incorporating additional fractional operators or hybrid techniques,
the approach can be refined to address emerging challenges in fractional calculus and mathematical
modeling.
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