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Abstract: Outbreaks of African swine fever can result in substantial financial repercussions for pig industries in affected areas thereby
stemming from the significant mortality rates among pigs and disruptions in the market. In this work, the behavior of an African swine
fever virus model with a Caputo fractional derivative is analyzed. The existence and uniqueness results for the proposed fractional
order model of African swine fever virus are investigated. The stability of the proposed model is examined within the framework of
Ulam-Hyers and generalized Ulam-Hyers. The fractional Adams-Bashforth-Moulton predictor–corrector method is applied to simulate
the model, which is compared with the fractional Euler method to validate its efficiency.
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1. Introduction

Fractional calculus has a lengthy history that closely
parallels the growth of classical calculus. Fractional
calculus has recently been demonstrated to be a successful
modeling method for a variety of applications in science and
technology ( [1, 2]). In the study of numerous infectious
diseases, mathematical models play an important role. The
fractional epidemic model surpasses classic integer order
models as a potent tool for gaining deeper insights into
infectious disease dynamics. Comparing it to conventional
integer-order models, the use of fractional derivatives in
epidemic modeling proves to be more accurate thereby
closely aligning with real-world data as evidenced by
multiple studies (see [1,3,4]). Extensive research have been
performed using fractional order differential equations to
model epidemiological disease. One of the most prominent
usage domains of fractional derivatives is mathematical
modeling of diseases in biological investigations. Recently,
fractional-order models of biological systems have received

a lot of interest (see [3, 5, 6]). This is because, when
compared to a classical integer-order model, the fractional
model describes the memory and heredity characteristics
of the system. There are still many difficult open
problems, despite the enormous number of published work
on fractional differential equations and dynamical systems.

Agriculture serves as the foundation of rural society and
the primary source of income in many countries around the
world. The pig farming industry has been expanding quickly
since most countries across the world have expanded their
meat consumption. The African swine fever virus (ASFV)
is one of the greatest threats to pig farming in the world.
African swine fever (ASF) has emerged as a formidable
challenge for the pork sector thereby causing substantial
reductions in pig populations and inflicting severe economic
repercussions. It is a contagious and deadly viral disease
that affects both domestic and wild pigs worldwide [7].
ASF is caused by an unique virus that exclusively infects
domesticated and wild swine, together with a kind of gentle
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parasite.

This epidemic disease was first identified in Kenya
in 1921, and has remained localized to sub-Saharan
African regions [7]. Since then, the disease has spread
to numerous African, European, and American countries.
Following its containment in Europe by 1999, a resurgence
occurred in 2007 when ASFV reemerged in Georgia thus
sparking a second epidemic. Rapid transmission ensued,
which spanned across Caucasus countries, Russia, and
beyond. By 2013, ASF had impacted 22 European nations.
The situation worsened in Asia, with the first outbreak
reported in China in August 2018 thus triggering significant
economic repercussions. Subsequently, ASF proliferated
across 18 Asian countries and subsequently reached Oceania
and the Americas. Today, ASF continues to pose significant
challenges thereby persisting across continents with far-
reaching consequences. As a result, the World Organization
for Animal Health has classified it as a notifiable illness
(OIE). The virus is spread by coming into touch with
infected pigs fluids, substances, or corpses of infected pigs.
ASF has a variable incubation time; however, it typically
lasts between five and fifteen days and and has no effect
on people [7]. Because there is no active or artificial
vaccination to prevent ASF, the virus must be controlled
using rigorous biosecurity measures.

Industrialized swine populations, which are characterized
by high animal densities and frequent animal movements,
can be particularly susceptible to ASF outbreaks. Effective
control strategies for ASF must take the unique challenges
posed by these populations into account such as the need for
rapid detection and early intervention to prevent the spread
of the disease. By understanding the dynamics of ASF
within industrialized swine populations, researchers and
policymakers can develop targeted control strategies that are
tailored to the specific needs and risks of these populations.
Recently a small number of integer and non-integer systems
have been established to test, investigate, and comprehend
the ASF virus (see [1, 5, 8, 9]). In [6], the authors described
the integer model for ASFV tranmission dynamics among
pigs and ticks. In recent studies, Shi et al. [9] established a
non integer model to represent the transmission dynamics of
ASF.

The Ulam-Hyers (UH) stability is a well established

concept in the field of nonlinear analyses and is widely used
to investigate the stability properties of various mathematical
models. In recent years, the concept of generalised Ulam-
Hyers (GUH) stability has emerged as a powerful tool to
study the stability of more complex models. Nevertheless,
the application of UH and GUH stability concepts to the
ASFV model could provide valuable insights into the long-
term behavior of the virus and its potential impact on pig
populations. Additionally, it could help identify effective
control strategies and inform policy decisions. Therefore,
it would be worthwhile for researchers to investigate
the stability properties of the ASFV model using UH
and generalised UH stability concepts in future studies.
Focusing on existing literature, there is a dearth of extensive
research on stability analysis of the ASFV model using UH
and GUH stability concepts.

Motivated by the preceding studies, this work aims to
develop a Caputo sense ASFV model. We utilize the
Caputo operator because it has a nonlocal and nonsingular
exponential kernel and is best suited to understanding
the dynamics of ASFV. In view of the aforementioned
discussion, we reconstruct the model in [6] in the Caputo
sense using the fractional operator.

The major contributions and novelty of this work are as
follows:

• Utilizing a fixed-point theorem, the authors prove the
existence and uniqueness of solutions for the ASFV
model described by the Caputo fractional derivative.
• Furthermore, a stability analysis of the model solution

in the framework of UH and GUH is developed.
• It is crucial to develop numerical techniques to

approximate solutions of disease models with
minimal computational cost. To achieve this,
numerical simulations are conducted that employ
the Adams–Bashforth–Moulton Predictor Corrector
method (ABM-PECE) to approximate solutions for
the proposed model. To assess the reliability of
ABM-PECE technique, we perform a comparative
analysis with the Fractional Euler Method (FEM). This
analysis demonstrates the superior efficiency of the
ABM - PECE technique.

The structure of this research article is as follows: in
Section 2, basic definitions are discussed; in Section 3, non-
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integer order system for ASFV with a Caputo derivative
is developed; the existence and uniqueness results of the
present model are proven in Section 4; The analysis of
stability for the system is performed using UH and GUH in
Section 5; a sensitivity analysis of the model is included in
Section 6; in Section 7, numerical methods for simulations
and discussions are presented; and a conclusion is provided
in Section 8.

2. Preliminaries

In this section, the basic definitions of fractional calculus
are discussed.

Definition 2.1. [1] The fractional integral of a continuous
function f (t) on L1([0, T ],R) of order 0 < ζ ≤ 1
corresponding to t is defined as follows:

Iζ f (t) =
1
Γ(ζ)

∫ t

0
(t − s)ζ−1 f (s)ds.

Definition 2.2. [1] The Caputo fractional derivative
of a continuous function f (t) on [0, T] is defined by the

following:

C Dζ f (t) =
1

Γ(n − ζ)

∫ t

0
(t − s)n−ζ−1 dn

dtn f (s)ds,

where C represents the Caputo derivative, Dζ denotes the

Caputo fractional derivative of order n = [ζ] + 1, and [ζ]
represents the integer part of ζ.

3. Formulation of Caputo fractional ASFV model

In this study, we redefine the classical model established
in [6] into a Caputo fractional order (CFO) model. The CFO
model consists of five compartments: susceptible pigs U(t),
infected pigs V(t), recovered pigs W(t), susceptible ticks
X(t), and infected ticks Y(t).

The CFO derivative system for the ASFV with the
parameter 0 < ζ ≤ 1 is as follows:

C DζU(t) = Ω̄P − ν̄PU − λ̄1
UV
N − λ̄2

UY
N ,

C DζV(t) = λ̄1
UV
N + λ̄2

UY
N − (ν̄P + ρ̄ + σ̄) V,

C DζW(t) = ρ̄V − ν̄PW,
C DζX(t) = Ω̄T − ν̄T X − λ̄3

XV
N ,

C DζY(t) = λ̄3
XV
N − ν̄T Y.

(3.1)

Here, N represents the total population of the
aforementioned system, and can be written as follows:

N = {U,V,W, X, Y}.

In order to interpret the model, it is assumed that the
initial states and all parameters are positive constants. The
description of parameters of the proposed model are defined
the following Table 1.

Table 1. Interpretation and parameter values
(based on [6]).

Parameters Description Value

Ω̄P Birth rate of susceptible pigs 0.02
Ω̄T Birth rate of susceptible ticks 0.2
ν̄P Death rate of pigs 0.1
ν̄T Death rate of ticks 0.8

λ̄1
The proportion of pigs exposed to the
virus through contacts with infected pigs

0.4

λ̄2
The proportion of pigs that contracted the
virus through ticks that were affected

0.2

λ̄3
The proportion of ticks that acquired the
virus through contact with infected pigs

0.1

ρ̄
The proportion of pigs who were
virus-free at recovery

0.2

σ̄ Virus-related death rate 0.3

4. Existence and uniqueness results of Caputo model

This section presents the exitence and uniqueness results
of the model (3.1) using the fixed point theory. Consider the
model (3.1) in the following form:



C DζU(t) = G1(t,U,V,W, X,Y),
C DζV(t) = G2(t,U,V,W, X,Y),
C DζW(t) = G3(t,U,V,W, X,Y),
C DζX(t) = G4(t,U,V,W, X,Y),
C DζY(t) = G5(t,U,V,W, X,Y),

(4.1)
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where

G1(t,U,V,W, X,Y) = Ω̄P − ν̄PU − λ̄1
UV
N − λ̄2

UY
N ,

G2(t,U,V,W, X,Y) = λ̄1
UV
N + λ̄2

UY
N − (ν̄P + ρ̄ + σ̄) V,

G3(t,U,V,W, X,Y) = ρ̄V − ν̄PW,

G4(t,U,V,W, X,Y) = Ω̄T − ν̄T X − λ̄3
XV
N ,

G5(t,U,V,W, X,Y) = λ̄3
XV
N − ν̄T Y.

(4.2)

Thus, the Caputo model (3.1) takes the following form:
C Dζψ(t) = F (t, ψ(t)), t ∈ J = [0, b], 0 < ζ ≤ 1,

ψ(0) = ψ0,
(4.3)

only if
ψ(t) = (U,V,W, X, Y)

′

,

ψ(0) = (U0,V0,W0, X0, Y0)
′

,

F (t, ψ(t)) = (Gi(t,U,V,W, X,Y)
′

), i = 1, · · · , 5,

(4.4)

where (.)
′

represents the transpose operation. Now, we can
write (4.3) by the following integral representation:ψ(t) = ψ0 +J

ζ
0F (t, ψ(t),

ψ(t) = ψ0 +
1
Γ(ζ)

∫ t
0 (t − υ)ζ−1F (υ, ψ(υ))dυ.

(4.5)

Let S = C([0, b],R5) be the Banach space of all continuous
functions from [0,b] to R5 provided with the norm defined
by the following:

∥ψ∥ = sup
t∈J
|ψ(t)|,

where |ψ(t)| = |U(t)| + |V(t)| + |W(t)| + |X(t)| + |Y(t)|, and
U,V,W, X, Y ∈ C.

Assume the following conditions to the nonlinear function
F ∈ C([J,R5])and F : J × R5 → R5 is continuous
and bounded in order to determine their existence and
uniqueness:
(A1A1A1) There exists a constants Φ ∈ C

(
[0, b],R5

+

)
> 0,

∋ |F (t, ψ)| ≤ Φ(t), for all (t, ψ) ∈ J × R5; and

(A2A2A2) There exists a constants LF > 0, ∀t ∈ J and each
ψ1(t), ψ2(t) ∈ C, such that

|F (t, ψ1) − F (t, ψ2)| ≤ LF |ψ1 − ψ2|.

We apply Krasnoselskii’s fixed point theorem to demonstrate
the existence of a solution for the system (4.5) that
corresponds to the proposed model (3.1).

Lemma 4.1. ( [10]) Let T be a closed and convex subset

of a Banach space S, which is assumed to be T , Φ. Take

P1,P2 as two operators that satisfy the following relations:

∗P1ψ + P2ψ ∈ T, whenever ψ ∈ T;
∗The operator P1 possesses the properties of compactness

and continuity; and

∗P2 is a contraction operator.

Then, there exists s ∈ T such that s = P1s + P2s.

Theorem 4.1. Given the assumption (A1A1A1), together with

the continuity of F , then (4.5) which is equivalent with the

mentioned system (3.1), has atleast one solution when

LF ∥ψ1 (t0) − ψ2 (t0)∥ < 1.

Proof. Now, let sup
t∈J
|Φ(t)| = ∥Φ∥ and η ≥ ∥ψ0∥ + Θ∥Φ∥.

Additionally, we consider Cη = {ψ ∈ S : ∥ψ∥ ≤ η}.
Take two operators P1,P2 on Cη defined by the following:

(P1ψ) (t) =
1
Γ(ζ)

∫ t

0
(t − υ)ζ−1F (υ, ψ(υ))dυ, t ∈ J,

and
(P2ψ) (t) = ψ (t0) , t ∈ J.

Thus, for any ψ1, ψ2 ∈ Cη, yields the following:

∥(P1ψ1) (t) + (P2ψ2) (t)∥

≤ ∥ψ0∥ +
1
Γ(ζ)

∫ t

0
(t − υ)ζ−1∥F (υ, ψ1(υ))∥dυ,

≤ ∥ψ0∥ + Θ∥Φ∥,

≤η < ∞.

P1ψ1 + P2ψ2 ∈ Cη.

To show that P2 is contraction operator, for any ψ1, ψ2 ∈

Cη, we obtain the following:

∥(P2ψ1) (t) − (P2ψ2) (t)∥ ≤ ∥ψ1(t0) − ψ2(t0)∥ . (4.6)

Hence, P2 is contraction operator. Additionally, the operator
P1 must be continuous because the function F is continuous.
Moreover , for any t ∈ J and ψ1 ∈ Cη,

∥P1ψ∥ ≤ Θ ∥Φ∥ < +∞. (4.7)

Hence, P1 is bounded uniformly.
To prove the operator P1, which is closed and bounded,

let sup
(t,ψ)∈J×Cη

|F (t, ψ(t))| = F ∗; then, for any t1, t2 ∈ J such

that t2 ≥ t1 , the following holds:
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|(P1ψ)(t2) − (P1ψ)(t1)|

=
∣∣∣∣ 1
Γ(ζ)

∫ t2

0
(t2 − υ)ζ−1F (υ, ψ(υ))dυ

−
1
Γ(ζ)

∫ t1

0
(t1 − υ)ζ−1F (υ, ψ(υ))dυ

∣∣∣∣
≤
F ∗

Γ(ζ)

∣∣∣∣ ∫ t1

0
[(t2 − υ)ζ−1 − (t1 − υ)ζ−1]F (υ, ψ(υ))dυ

+

∫ t2

t1
(t2 − υ)ζ−1F (υ, ψ(υ))dυ

∣∣∣∣
≤
F ∗

Γ(ζ)

(
2(t2 − t1)ζ + (tζ2 − tζ1)

)
→ 0, as t2 → t1.

Hence, P1 is equicontinuous and is relatively compact
on Cη. By applying the Arzelá Ascoli theorem, P1 is
compact on Cη because the operator is uniformly bounded
and continuous. Hence, model (3.1) has at least one
solution on t ∈ J according to the fixed point theorem of
Krasnoselskii’s. □

Theorem 4.2. Equation (4.5), which is equivalent with the

mentioned system (3.1), has a unique solution under the

assumption (A2A2A2) provided that ΘLF < 1, where Θ =

bζ[Γ(ζ + 1)−1].

Proof. Consider B : S→ S defined by the following:

(Bψ)(t) =ψ0 +
1
Γ(ζ)

∫ t

0
(t − υ)ζ−1F (υ, ψ(υ))dυ. (4.8)

Here, B is a well defined operator, and the only solution
to model (3.1) is merely the fixed point of B. Let
sup
t∈J
∥F (t, 0)∥ = A1 and F ≥ ∥ψ0∥ + ΘA1. Therefore, we

show that BLF ⊂ LF .
Here, LF = {ψ ∈ S : ∥ψ∥ ≤ F } is closed and convex. For

any ψ ∈ LF , we obtain the following:

|Bψ(t)| = |ψ0| +
1
Γ(ζ)

∫ t

0
(t − υ)ζ−1|F (υ, ψ(υ))dυ|

≤ ψ0 +
1
Γ(ζ)

∫ t

0
(t − υ)ζ−1[LF |ψ(υ)| + A1]dυ

≤ ψ0 +
(LF ∥ψ∥ + A1)

Γ(ζ)

∫ t

0
(t − υ)ζ−1dυ

≤ ψ0 +
(LFF + A1)bζ

Γ(ζ + 1)

≤ ψ0 + Θ(LFF + A1)

∴ |Bψ(t)| ≤ F .

For any ψ1, ψ2 ∈ S, we obtain the following:

|(Bψ1)(t) − (Bψ2)(t)|

=
∣∣∣∣ 1
Γ(ζ)

∫ t

0
(t − υ)ζ−1[F (υ, ψ1(υ)) − F (υ, ψ2(υ))]

∣∣∣∣dυ,
≤
LF

Γ(ζ)

∫ t

0
(t − υ)ζ−1|ψ1(υ) − ψ2(υ)|dυ,

|(Bψ1)(t) − (Bψ2)(t)| ≤ ΘLF |ψ1(υ) − ψ2(υ)|,

which implies that ∥(Bψ1) − (Bψ2)∥ ≤ ΘLF ∥ψ1 − ψ2∥ .

As a result of the Banach contraction principle, the
proposed model (3.1) has a unique solution. □

Remark 4.1. Using the Krasnoselskii’s fixed point theorem

and Banach Contraction principle, the prescribed model has

a unique solution.

5. Analysis of stability

In this section, the UH and GUH stability concepts
are used to assess the stability analysis of the Caputo
fractional model (3.1) (see [11, 12]). Recently, many
authors established UH and GUH stability of a nonlinear
fractional models of epidemic diseases such as COVID-
19, HIV/AIDS, Tuberculosis, Malaria, Dengue fever, Zika,
Ebola, and Hepatitis [13–17]. Let us consider the inequality
for ϵ > 0; then,∣∣∣∣Dζ ψ̄(t) − F (t, ψ̄(t))

∣∣∣∣ ≤ ϵ, t ∈ J, (5.1)

where ϵ = max(ϵ j)T , j = 1, · · · , 5

Remark 5.1. Consider a function ψ̄ ∈ S as a solution

of (5.1) such that if there is a function h ∈ S and for all t

belongs to J, then the following conditions are satisfied:

(a)|h(t)| ≤ ϵ, h = max(h j)T ,

(b)Dζ ψ̄(t) = F (t, ψ̄(t)) + h(t).

Definition 5.1. [14, 17] The proposed system (3.1) is UH

stable if there is κ > 0 such that ϵ > 0, and for every solution

ψ̄ ∈ S which satisfies (5.1), there exists a solution ψ ∈ S

of (4.3) with ∣∣∣∣ψ̄(t) − ψ(t)
∣∣∣∣ ≤ κϵ, t ∈ J,

where κ = max(κ j)T .
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Definition 5.2. [14,17] The proposed system (3.1) is said to

be GUH stable if there is a continuous function ϕF : R+ →
R+ with ϕF (0) = 0, such that, for each solution ψ̄ ∈ S

of (5.1), there exists a solution ψ ∈ S of (3.1) such that∣∣∣∣ψ̄(t) − ψ(t)
∣∣∣∣ ≤ ϕF ϵ, t ∈ J,

where ϕF = max(ϕF j)
T .

Now, we present the UH stability result of the Caputo
fractional order model.

Lemma 5.1. [14, 17] Assume that ψ̄ ∈ S satisfies

inequality (5.1); then, ψ̄ satisfies the following integral

inequality:∣∣∣∣ψ̄(t) − ψ̄0 −
1
Γ(ζ)

∫ t

0
(t − υ)ζ−1F (υ, ψ̄(υ))dυ

∣∣∣∣ ≤ Θϵ.
Proof. By condition (b) from the aforementioned remark
of (5.1),

ψ̄(t) = ψ̄0 +
1
Γ(ζ)

∫ t

0
(t − υ)ζ−1F (υ, ψ̄(υ))dυ

+
1
Γ(ζ)

∫ t

0
(t − υ)ζ−1h(υ)dυ.

By condition (a) from the aforementioned remark of (5.1)
and hypothesis (A1A1A1), we obtain the following:∣∣∣∣ψ̄(t) − ψ̄0 −

1
Γ(ζ)

∫ t

0
(t − υ)ζ−1F (υ, ψ̄(υ))dυ

∣∣∣∣
≤

1
Γ(ζ)

∫ t

0
(t − υ)ζ−1|h(υ)|dυ

≤Θϵ.

This completes the proof. □

Theorem 5.1. Suppose that F : J × R5 → R5 is continuous

for every ψ ∈ E and hypothesis (A2A2A2) holds with 1-ΘLF > 0.
Then, the prescribed system (3.1) is stable in the UH and

GUH senses.

Proof. Assume that ψ ∈ S is the only solution to (3.1) and
that ψ̄ ∈ S satisfies inequality (5.1). Hence, for any ϵ > 0,
t ∈ J and Lemma (5.1) provides the following:

|ψ̄(t) − ψ(t)|

=max
t∈J

∣∣∣∣ψ̄ − ψ0 −
1
Γ(ζ)

∫ t

0
(t − υ)ζ−1F (υ, ψ(υ))dυ

∣∣∣∣

≤max
t∈J

∣∣∣∣ψ̄(t) − ψ̄0 −
1
Γ(ζ)

∫ t

0
(t − υ)ζ−1F (υ, ψ̄(υ))dυ

∣∣∣∣
+max

t∈J

1
Γ(ζ)

∫ t

0
(t − υ)ζ−1

∣∣∣∣F (υ, ψ̄(υ)) − F (υ, ψ(υ))
∣∣∣∣dυ

≤

∣∣∣∣ψ(t) − ψ̄0 −
1
Γ(ζ)

∫ t

0
(t − υ)ζ−1F (υ, ψ̄(υ))dυ

∣∣∣∣
+
LF

Γ(ζ)
max

t∈J

∫ t

0
(t − υ)ζ−1|ψ̄(υ) − ψ(υ)|dυ

≤Θϵ + ΘLF ∥ψ̄ − ψ∥

from which we obtain ∥ψ̄ − ψ∥ ≤ κϵ, where κ = Ω
1−ΩLF

,
∴ |ψ̄(t) − ψ(t)| ≤ κϵ.

Thus, the proposed system (3.1) is stable under UH and
GUH stability. This completes the proof. □

6. Sensitivity analysis

In this section, a sensitivity analysis is performed
to determine which parameters contribute to the basic
reproduction number R0. Based on this strategy, we can
determine which parameters contribute to R0.

Thus,

R0 =
λ̄1

ν̄P + ρ̄ + σ̄
.

The sensitivity index of the model parameter is given by the
relation

Γ
R0
A =

∂R0

∂A
×

A
R0
.

The sensitivity analysis presented in Table 2 and Figure 1
indicates that the role of various parameters in determining
R0. The results highlight that contacts with infected pigs
are the most sensitive parameters thereby leading to a
considerable increase inR0. This suggests that an increase in
these contacts will enhance R0. In contrast, the recovery rate
shows a minimal sensitivity thereby implying that raising the
recovery rate will reduce R0.

Table 2. Sensitivity analysis of parameter values.

Parameters Value Sensitivity indexes

λ̄1 0.4 1
ν̄P 0.1 -0.1667
ρ̄ 0.2 -0.3333
σ̄ 0.3 -0.5
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Figure 1. Sensitivity analysis of parameter values.

7. Numerical methods for ASFV model

For various values of the parameters, we provide
numerical results to better understand the dynamical
behavior of system (3.1). We employ a comparative analysis
to evaluate the performance of the fractional ABM-PECE
method and FEM. The comparison encompasses various
fractional derivative orders and the specific case of the
integer order.

7.1. Solution for ASFV model using FEM

The Euler method is the most widely used numerical
strategy for any fractional order initial value problem
(see [18–22]). To derive the iterative scheme, we shall
represent the fractional model (3.1) in a concise and
straightforward form as follows:

C Dζ
t f (t) = F(t, f (t)),

f (0) = f0, 0 < T < ∞.
(7.1)

Here, we consider a continuous real-valued vector function
F(t, f (t)) denoted by f = (U,V,W, X, Y) ∈ R5, which
satisfies the Lipschitz condition, where f0 represents the
initial state vector. By integrating both sides of (7.1), we
arrive at the following result:

f (t) = f0 +
1
Γ(ζ)

∫ t

0
(t − ξ)ζ−1F(ξ, f (ξ))dξ. (7.2)

The numerical simulation of a nonlinear CFO (3.1) is
explained using the FEM method. The following is a
representation of the algorithm.

Assume h = T
m ,m ∈ N, n = 0, · · · ,m.

fn+1 = f0 +
hζ

Γ(ζ + 1)

n∑
j=0

(
(n − j + 1)ζ − (n − j)ζ

)
F
(
t j, f
(
t j

) )
.

Therefore, the FEM formulae for the prescribed
system (3.1) takes the following form:

Un+1 =U0 +
hζ

Γ (ζ + 1)

n∑
j=0

(
(n − j + 1)ζ − (n − j)ζ

)
(
Ω̄P − ν̄PU − λ̄1

UV
N
− λ̄2

UY
N

)
,

Vn+1 =V0 +
hζ

Γ (ζ + 1)

n∑
j=0

(
(n − j + 1)ζ − (n − j)ζ

)
(
λ̄1

UV
N
+ λ̄2

UY
N
− (ν̄P + ρ̄ + σ̄) V

)
,

Wn+1 =W0 +
hζ

Γ (ζ + 1)

n∑
j=0

(
(n − j + 1)ζ − (n − j)ζ

)
(ρ̄V − ν̄PW) ,

Xn+1 =X0 +
hζ

Γ (ζ + 1)

n∑
j=0

(
(n − j + 1)ζ − (n − j)ζ

)
(
Ω̄T − ν̄T X − λ̄3

XV
N

)
,

Yn+1 =Y0 +
hζ

Γ (ζ + 1)

n∑
j=0

(
(n − j + 1)ζ − (n − j)ζ

)
(
λ̄3

XV
N
− ν̄T Y

)
.

7.2. Solution for ASFV model using ABM-PECE method

The ABM-PECE method stands as the predominant
numerical technique to solve fractional order initial value
problems across various domains. In view of the generalized
ABM-PECE method, the numerical scheme for the proposed
model (3.1) is given in the following form [23–26]:

Un+1 =U0 +
hζ1

Γ (ζ1 + 2)

(
Ω̄P − ν̄PU p

n+1 − λ̄1
U p

n+1V p
n+1

N

− λ̄2
U p

n+1Y p
n+1

N

)
+

hζ1

Γ (ζ1 + 2)

n∑
j=0

ζ1, j,n+1

(
Ω̄P − ν̄PU j − λ̄1

U jV j

N
− λ̄2

U jY j

N

)
,

Vn+1 =V0 +
hζ2

Γ (ζ2 + 2)

(
λ̄1

U p
n+1V p

n+1

N
+ λ̄2

U p
n+1Y p

n+1

N
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−
(
ν̄P + ρ̄ + σ̄

)
V p

n+1

)
+

hζ2

Γ (ζ2 + 2)

n∑
j=0

ζ2, j,n+1

(
λ̄1

U jV j

N
+ λ̄2

U jY j

N
−
(
ν̄P + ρ̄ + σ̄

)
V j

)
,

Wn+1 =W0 +
hζ3

Γ (ζ3 + 2)

(
ρ̄V p

n+1 − ν̄PW p
n+1

)
+

hζ3

Γ (ζ3 + 2)

n∑
j=0

ζ3, j,n+1

(
ρ̄V j − ν̄PW j

)
,

Xn+1 =X0 +
hζ4

Γ (ζ4 + 2)

(
Ω̄T − ν̄T Xp

n+1 − λ̄3
Xp

n+1V p
n+1

N

)
+

hζ4

Γ (ζ4 + 2)

n∑
j=0

ζ4, j,n+1

(
Ω̄T − ν̄T X j − λ̄3

X jV j

N

)
,

Yn+1 =Y0 +
hζ5

Γ (ζ5 + 2)

(
λ̄3

Xp
n+1V p

n+1

N
− ν̄T Y p

n+1

)
+

hζ5

Γ (ζ5 + 2)

n∑
j=0

ζ5, j,n+1

(
λ̄3

X jV j

N
− ν̄T Y j

)
,

where

U p
n+1 =U0 +

1
Γ (ζ1)

n∑
j=0

β1, j,n+1

(
Ω̄P − ν̄PU j − λ̄1

U jV j

N
− λ̄2

U jY j

N

)
,

V p
n+1 =V0 +

1
Γ (ζ2)

n∑
j=0

β2, j,n+1

(
λ̄1

U jV j

N
+ λ̄2

U jY j

N
− (ν̄P + ρ̄ + σ̄) V j

)
,

W p
n+1 =W0 +

1
Γ (ζ3)

n∑
j=0

β3, j,n+1

(
ρ̄V j − ν̄PW j

)
,

Xp
n+1 =X0 +

1
Γ (ζ4)

n∑
j=0

β4, j,n+1

(
Ω̄T − ν̄T X j − λ̄3

X jV j

N

)
,

Y p
n+1 =Y0 +

1
Γ (ζ5)

n∑
j=0

β5, j,n+1

(
λ̄3

X jV j

N
− ν̄T Y j

)
.

7.3. Simulation results and discussions

In this work, the overall population is found to be N(0)
= 61,000, the initial conditions are assumed as U(0) =
10, 000,V(0) = 8000,W(0) = 3000, X(0) = 30, 000, and
Y(0) = 10, 000, and the estimated parameter values are
taken from the Table 1. Considering the above initial values
and parameter values, we obtain the numerical simulation of
the system (3.1) with classical and different fractional order
values.

Figures 2 and 3 show the comparison result for the
fractional ASFV model using FEM & ABM-PECE under
the Caputo derivative at different values of ζ. The graphical
representation clearly indicates that the analyzed fractional
disease model provides a deeper and more insightful
understanding of the disease behavior. The evolution of
susceptible pigs versus days for various fractional orders
of ζ is shown in Figure 2a. We note that once susceptible
pigs enter the infected classes, their proportions gradually
decline. Figure 2b shows the relationship between the
infected pigs and days with various fractional orders ζ. As
the value of ζ increases, a decrease in the infection rate
among infected pigs is observed, which consequently results
in a rise in the number of recovered pigs. Figure 3a shows
the relationship between the recovered pigs in terms of days
for different values of ζ. This leads us to the conclusion that
the quantity of pigs retrieved rises with changing values of ζ.

(a)

(b)

Figure 2. Comparison between the numerical
results using FEM & ABM-PECE at different
values of ζ = 1, 0.9, 0.8 & 0.7.
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(a)

(b)

(c)

Figure 3. Comparison between the numerical
results using FEM & ABM-PECE at different
values of ζ = 1, 0.9, 0.8 & 0.7.

Figure 3b illustrates the relationship between the behavior
of susceptible ticks and days for various fractional orders
of ζ. Moreover, the illustrated graphs reveal that as the

value of ζ increases, there is a corresponding decrease
in the infection rate of susceptible ticks. The dynamic
behavior of infected ticks over days for different values of ζ
is shown in Figure 3c, in which the proportion of infected
ticks decreases with varying fractional orders of ζ. These
graphical representations clearly showcase the enhanced
performance of the Caputo version, which surpasses the
results obtained from the classical version.

Table 3 shows that the Central Processing Unit (CPU)
time for the ABM-PECE is lower than the FEM under the
Caputo derivative at different values of ζ, see [27]. The
computations are executed utilizing the MATLAB software,
version R2021a, on a HP Desktop equipped with a 12th
generation Intel Core i7 processor and 64 GB of RAM.

Table 3. CPU time in seconds.

ζ CPUT for FEM CPUT for ABM-PECE

ζ = 1 0.0585 0.0251
ζ = 0.9 0.0366 0.0247
ζ = 0.8 0.0265 0.0241
ζ = 0.7 0.0279 0.0250

8. Conclusions

In this study, to obtain a more comprehensive
understanding of the virus dynamics, the classical
compartmental model for the ASF virus between pigs
and ticks was converted into a non-integer order model. On
the basis of the Banach contraction principle, the model
provided an unique solution. The existence of a positive
solution for this model was proven using Krasnoselskii’s
fixed point theorem. UH and its generalised form were
used to verify the stability of the Caputo sense model. The
proposed model’s numerical solution was obtained using the
ABM-PECE method and compared to the FEM. According
to Table 3 and the graphical findings, the ABM-PECE
method was more effective than the FEM in describing
biological results and had lower computational costs. As a
result, the proposed CFO model was shown to have several
significant features. It should be highlighted that the disease
behavior of the ASFV model was better understood using
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the CFO derivative than by employing variations of the
integer order. Additionally, our numerical investigations
contribute to a better understanding of the ASFV model,
which can significantly enhance the optimization of
prevention, targeting, and treatment strategies, and can
ultimately lead to more effective disease management
tools. In future research, we aim to expand this study by
incorporating a time delay.
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