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Abstract

A new model of fractional for the influence of consciousness initiatives on epidemic
incidences (ICIEI) is described in this research. The fractional Caputo operator (FCO)
is used to expand this system to the typical awareness program model (ICIEI-FCO).
Analytically and qumtatively, the properties of the new system are investigated. This
article presents an artificial neural network-based fractional model (ANN-FM) for
estimating the efficacy of epidemic outbreak awareness initiatives. The reliability,
resolution, durability, and robustness of the proposed model are examined usigg the
suggested ANN-BLM approach for five distinct situations. The population of the model
is ted by utilizing the power of the explicit Runge-Kutta numerical approach, and
it 1s represented by a system of nonlinear rclinary differential equations. The
Grunwald-Letnikov (GL) technique is used to numerically evaluate the modeled
ditfi ial system of the physical issue for multiple scenarios to anticipate numerical
data, and these results are utilized as a reference dataset of the networks. The data
needed to answer the fractional model's questions on how awareness campaigns affect

epidemic outbreaks is broken down as follows: training takes up 80% of time,
testing 10%, and authorization 10%. There are two aspects to the strategy: t, the
fundament N-BLM operator performances are displayed. In the meantime, the

ANN-BLM execution approach is used to address the fractional-order problem. The
GL-mathematical system was used to compare the numerical findings. The TSs,
regression, correlation, EHs, and MSE are used to demonstrate the dependability and
competency of ANN-BLM as well as their numerical performances in the presented




numerical findings, which were developed using ANN-BLM to lower the MSE. The
Levenberg-Marquart training (LMT) algorithm is used to optimize network results in
terms of mean square errors, training states graphs, errors of the histogram, recession
analysis, auto-correlation and time series responses, which demonstrates the system's
accurate and proficient trend acknowledgment [1]. The mean square error fitness
analysis in the ranges of 10 to 10! validates the authenticity and effectiveness of the
designed solver. The suggested Al-based study is expected to pave the way for new,
creative approaches to fractional order modeling and analysis of naturally unpredictable
dynamic systems.

Keywords: Fractional Caputo operator, Grunwald—Letnikov, Levenberg-Marquardt
backpropagation technique, Caputo fractional derivative, Intelligent networks.

1. Introduction

It is common knowledge that precise models have shown to be useful in understanding
the crescendos of infectious disease transmission in populations [2]. Traditional models
rely on interactions between susceptible and infected individuals. Other variables, such
as the media and population immigration, have an impact on the spread of infectious
illnesses. Media awareness initiatives such as posters, television messages, and social
media sources are utilized daily to alert the public about cugfgnt fitness concerns to
lessen the risk of infection. Nonlinear mathematical modeling of the effect of awareness
programs on the spread of epidemics was given by Misra et al. ([3]) and is called the
Influence omonsciousness Initiatives on Epidemic Incidences (ICIEI), based on the
assumption that the growth rate of awareness programs is directly related to the number
of people exposed to an reak. The model research revealed that while awareness
efforts can help to restrict the spread of an infectious illness, the disease stays common
owing to immigration. Assuming that ases spread only through direct contact
between susceptible and infective people, Lixia Zuo et al. established a nonlinear model
including delay time and the effects of media-driven awareness campaigns on infection
transmission. ([4]).

To comprehend how infectious diseases affect a population, epidemiological research
is crucial. In mathematical deling, we validate models, calculate their numerical
simulations by constructing models, estimate parameters, evaluate sensitivity through
various parameters, and compute their sensitivity. Through this kind of study, it is
possible to comprehend the disease's control factors and the ratio of spread. These kinds
of diseac models are sometimes referred to as infectious diseases or diseases that
spread from one person to another. Measles, rubella, chicken pox, mumps, HIV/AIDS,
gonorrhea, and syphilis are all examples of infectious diseases[5-9].

We are interested in fractional calculus in this study because it is a potent new apparatus
that has recently been used to simulate biological systems with non-linear behavior.
Integer order differential equations are generalized to produce fractional order
differential equations. Where the consequences of prior values (memory) are relevant,
they are more suited and precise than integer order. The term "memory" assures the
preservation of the past and its influence ([10]-[12]).




This research examines numerical fractional model solutions. We use the Levenberg-

Marquardt algorithm to optimize a neural network [13-15]. Furthermore, the results of
various mathematical models involving epidemic illnesses are presented analytically.
As a result, obtaining numerical designs for h situations is critical. To solve the
suggested model, computational approaches based on the artificial neural network
(ANN) with innovative backpropagation Levenberg-Marquardt (BLM) features, ic.,
ANN-BLM, are used. ANNs are machine learning algorithms used in pattern
recognition, image and signal processing, classification, disease diagnosis, and human-
robot cooperation (See [16,17]). For the suggested model, the ANN-BLM techniques
were used to solve it. For preparation, challenge, and authentication, the data proportion
is modified for three examples of epidemic breakouts fractional model are 80 percent,
10%, and 10%, respectively. For solving the coronavirus spreading model, numerical
measurements are taken using the ANN-BLM, and comparisons are made using the
reference dataset-based GL scheme [18-19].

The goal of this research is to propose a computational framework for coronavirus
spreading model analysis based on an artificial neural network trained using
backpropagation Levenberg-Marquardt (ANN-BLM). While there is a wealth of
material available on the internet that may be utilizing advanced computer paradigms
like NN, deep learning[20], and transfer learning, there iaill a need for more research.
However, for a better understanding of the contribution, the potentials of the suggested
ANN-BLM to solve the epidemic outbreak fractional model are pri!ided as follows:
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e Al skills based on a computational approach using network models learned with
the Levenberg-Marquardt algorithm are given and applied to solve a proposed
model with 5 classes of ordinary distinction equations. (ODEs).

e Based on absolute error s ( values, the outcomes obtained by considering
computing ANN-BLNEvith numerical solutions are found to be in excellent
agreement, approving the value, worth, and importance of the ANN-BLM to
solve the epidemic fractional model.

e The dependality and consistency of the ANN-BLM scheme are further
supported by the performance or convergence curves orfgnean square errors
(MSEs), accuracy [21], progression metric computations of correlation index,
and error histograms (EHs) obtained from exhaustive simulations.

The following are the key points of this paper: In Sec. 2, we review several fractional
calculus definitions. Section 3 contains the developed approach based on ANN-BLM,
Section 4 contains Mathematical formulation, Section 5 is constructed for analysis of
the results, and Section 6 contains concluding observations [22].

2. Fractional Calculus

The R-L (Riemann-Liouville) [23] and Caputo sense definitions of derivatives of
fractional and integrals are the most commonly used, so here's a little primer on them:

Definition 2.1 For a function C >-1, the R-L fractional integral operator of order
a > 0 is defined as:




K “x(r) = l(a) Z:[ (1 —s) 3 x(s)ds; a > 0,

K

(1)
K "x(t)=x(t)

The following are some of the features of the operator K “ that are relevant to this

text:

K “K jf"gijzli””ﬁx(r); a,p =0,
K (n+l)

Ka n =_ \e A
! K (n+a +1)

t“" .:n 2= —1.
Definition 2.2 A existent valued function x(u), u >0 is said to be in space C,u € R,
3 a real number p>p 3 x(f) = t P x;(t), where x,(t) eC(0,inf), and it is said to be in the

i

space C, ifand only if x"e C,,neN.

Definition 2.3 In the Caputo notion, the fractional derivative [24] of x(t) is described

as
D “x(1)=K"“D "x(t); for m—1<a<n,neN,t>0,and x € C", . (2)

Caputo fractional derivative analyses just an ordinary derivative before obtaining the
requisite fractional derivative through fractional integral. This R-L fractional integral
operator is a linear operation because it closely approaches integer order integration
[25-30].

L L

K“ ( ;dr.xr. (1)) = ;a‘fl( “x,(t) : where {d.}"", are constants.

2.4 Griinwald-Letnikov (GL)

For our purposes, the Caputo operator D in fractional differential equations is important.
The Caputo definition is equal to the R-L definition, as well as the G-L definition in the
case of a consistent starting value. However, if the beginning value is inhomogeneous,
correction term is required. Using the Caputo operator, consider the fractional
ditferential equation.

DY s(t) =1 (s(1)), s(&) = s, O<a<l) (3)

and suppose that in the range [0, T], there is only one solution y = y(¢ ). Both the
homogencous and inhomogeneous beginning values are taken into account. An equidistant
grid is selected for discretization.

0= gﬂ < g] <..< é\fﬂ :W" with §p+] - ;,) = J‘T (4)




z

m+
xrn+| -chxm-r]—z _qs-r]xu = J' (S)
A=l
or = j” r (Ymﬂ )"
Where,
q::ﬂ‘xu = Ja(i'g (g,,..'.] ) = #:;_] (m + l)_a (6)

When m — oothe correction term ¢, x, goes to zero, it is zero when Eq. (3) is used with

a homogeneous initial value x¢= 0. In some ways, it's a fractional differential equations
version of the Euler technique. If & — 1, the traditional explicit or implicit Euler
technique Xm+1 - Xm= jr(Xm) respectively, Xms1 - Xm= jr(Xm+1) is used [31].

3. Suggested methodology

This section discusses how to solve the model of fractional for the influence of
consciousness initiatives on epidemic incidences (ICIEI) using the recommended
ANN-BLM structure. The strategy is separated into two parts. The basic ANN-
BLM operator performances are shown first. Meanwhile, to tackle the fractional-
order problem, the ANN-BLM execution strategy is applied.

5

The dataset being used is randomly divided into three groas: 10% validation, 10%
testing, and 80% training. During training, the dataset mus{Eneet any stopping
requirements in order to get the data output that was planned. To get the right data
output during training, the data set needs to meet any stopping constraints. The most
logical way toa')lve the problem is to reduce the mean square error as much as
possible. This means that as the error gets closer to zero, a more accurate answer
appears. Figure 1 depicts the fundamental structure of ANN-BLM.

Neural Network

Hidden Output
- Output
3
10

Figure 1. ICIEI-FCO model schematic neural network
layout.
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Fig 2: ANN-BLM flow mechanism to resolve model of fractional for the influence of
consciousness initiatives on epidemic incidences (ICIEI).

4. Mathematical modeling

A new model of fractional for the influence of consciousness initiatives on epidemic
incidences (ICIEI) is described in this section. The whole population is separated
into three programs: vulnerable X(t), aware population Y (t), and infested M(t).

cDIX(1) = a,” (1-X(O)-Y(O)IM) - (a,”+s“)X(1) - b*X()Y(1) + b,“d,“Y(1) , X0=0.38




oD Y(1) = (d,* (1-XO)-Y(©)Y () - (d,“ +s*)Y(D) + b, XOY (D),

CDEMI(D) = £,*Y(1) - £,“M(D),

Yo=03

My=0.09

The model's new parameters are listed in Table 1. It's worth noting that all of these
metrics are based on the fractional order a.

Parameters | Definition Value
t Time t=0
The percentage of persons who have recovered will
b,” rise, and they will join the conscious vulnerable 0:85%
class.
- The remainder of the population will become 0:15¢
P vulnerable., where p* + ¢* =1: )
The proportion of conscious susceptibles who come
b* into touch with infective people. The remainder of | 0.:2¢
the population will become vulnerable.
de The rate at which unaware susceptible persons come A
p . , . ) ssumed
- into contact with the infected population.
ac The rate at which the ignorant vulnerable class 008
' becomes conscious. )
as The pace at which conscious susceptibles become 0.02¢
- unaware.
df The recovery rate. 0:43%
s? The Death rate. 0.:002*
i proportional to the infection population rate. 0:002*
£ The pace at which conscious susceptibles become 0:02¢
. unaware.

Table 1. Description of parameters for proposed (ICIEI-FCO) epidemic model.

5. Analysis of results obtained by employing a methodology

Various kinds of mathematical with their graphical outputs are generated and shown
in Figs. 3, 4, and 5 and Tables 1 and 2 to examine the influence of all relgffint
restrictions after resolving the resulting set of ODEs. . The non-integer order

derivative is usi

o investigate the dynamic behaviour of the fractional order (FO)

model. Because most FO differential systems lack accurate analytical solutions, a

arithmetic solver based on the G-L approach, is used to estimate the model's solution.
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| Fig 3: Performance and TS of AIEO-FCO model. \
Figure 3 shows fractional model gradient measurements for awareness initaitive
and epidemic outbreaks (AIEO) using ANN-BLM. The gradient performances for
Scenarios 1,2,3 4, and S were determined to be 7.8043E-10 at 127 epochs,4.3262E-
09 at 40 cpochs,4.1609 at epochs 1544 016E-09 at epochs and 2.0408E-09 at
epochs respectively. The convergence of recommended ANN-BLM to solve the
model of fractional for the influence of consciousness initiatives on epidemic
incidences (ICIEI) using ANN-BLM is shown in these graphical depictions.
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| Fig 4: Regression plots of AIEO-FCO model. |

The correlation has been shown in Figure 4 to corroborate the regression
performance. The recommended ANN-BLM is effective for modelling on training,
testing, and validation data in order to resolve the AIEO-FCO since the correlation
value R is nearly equal to the ideal value of unity. The training, testing, and
authentication expressions show that the ANN-BLM approach used to solve the
model of fractional for the influence of consciousness initiatives on epidemic
incidences (ICIEI) is valid [32].
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Fig 5: EHs and fitness plots of AIEQ-FCO model.

Table 2: Outcomes of the proposed model (ICIEI).

Scenarios | Cases MSE Performance | Gradient Mu Epochs | Time

Training | Validation | Testing )

1 1| 244E-10 | 7.80E-10 | 3.06E-10 2 44BE-10 | 995E-08 | 1.00E-09 127 | <ls
2| 247E-8 1.22E-9 | 4.00E-9 401E-09 | 9.55E-08 | 1.00E-09 61 | <ls

4

3| L.11E9 3.23E-8 | 2.87E-10 L.11E-09 | 9.99E-08 | 1.00E-10 88 | <Is

4 | 5.58E-10 381E-7 | 1.87E-10 5.59E-10 | 8.86E-08 | 1.00E-11 21 | <ls

2 1 5.57E-9 642E-9 | 8.82E-9 5.57E-09 | 991E-08 | 1.00E-08 130 | <ls
2 | 1.54E-08 432E-9 | B8.23E-9 1.54E-08 | 9.57E-08 | 1.00E-09 40 | <ls

3 1.82E-9 821E-9 | 1.69E-7 1.82E-09 | 9.85E-08 | 1.00E-09 119 | <Is

4| 2.39E-9 1.13E-9 | 3.85E-8 2.40E$ 9.96E-08 | 1.00E-11 16 | <ls

3 1 1.13E-9 992E-10 | 1.82E-9 1.14E-09 | 9.92E-08 | 1.00E-09 73 | <ls
2| 445E-8 3.22E-8 | 2.78E-8 422E-08 | 8.16E-07 | 1.00E-08 31 | <ls




3| 4.78E-9 4.16E-9 | 5.90E-9 4.28E-09 | 1.07E-05 | 1.00E-10 160 | <ls
4| 2.72E-9 247E-9 | 6.66E-7 2.73E09 | 967E-08 | 1.00E-09 63 | <Is
1| 5.89E-10 556E-9 | 5.53E-10 5.89E-10 | 9.98E-08 | 1.00E-09 154 | 1s

2| S.13E9 337E-8 | 3.19E-9 472E-09 | 230E-07 | 1.00E-09 65 | <ls
3| 2/34E-8 1.63E-8 | 6.08E-8 222E-08 | 241E-06 | 1.00E-09 210 | Is

4| 242E-8 401E-9 | 3.06E-9 1.69E-08 | 5.93E-06 | 1.00E-10 66 | <ls
1| 144E-11 381E-9 | 1.87E-11 1 45E-11 | 9.83E-08 | 1.00E-10 89 | <Is
2| L.0O9E-9 204E-9| 1.31E-9 1.10E-09 | 9 .97E§ 1.00E-09 221 | 9s

3 | 770E-10 | 7.33E-10 | 542E-7 7.71E-10 | 9.51E-08 | 1.00E-10 88 | <ls
4 | 3.46E-10 6.01E-8 | 1.87E-10 347E-10 | 8.96E-08 | 1.00E-11 25 | <lIs

The values of the appropriate curves utilized to address each scenario in the
proposed model of fractional for the influence of consciousness initiatives on
epidemic incidences (ICIEI) are shown in Figure 5(b-j), to solve the functional order
system [33],.

The performance of the reference and the results obtained are compared in these
visuals. The substantiation, testing, and training for all scenarios of the model of
fractional for the influence of consciousness initiatives on epidemic incidences
(ICIEI) are shown by error graphs. Figure 5(a—i) shows several EHs, The top
overall bins' accuracy ranges, or the bins with the most entries and the near to zero
error lines, show how well ANN-BLM solve the AIEO-FCO model, as well as
accompanying regression measures, based on a model of fractional for the influence
of consciousness initiatives on epidemic inci s (ICIEID). The EHs for instances
1,2,34 and 5 are estimated to be2.26E-05, E-05,-7.8E-06.-2.2E-05 and 5.3E-
035, respectively. More fractional derivatives demonstrate real and authentic
implementations [34].
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The charting % their outcome comparisons as well as AE values is shown in
Figures 6 and 7. It is clear that the AE for the AIEO-FCO model's parameter
fluctuation is situated in 10° —=10°,10% >10°,10° 510 and 102 »>10*
and, respectively. Numerical formulae are offered to handle the model of fractional
for the influence of consciousness initiatives on epidemic incidences (ICIEI) using
the Levenberg-Marquardt technique [35]. Figure 6 displays the agreement between
the referenced and derived arithmetical presentations. The ANN-BLMs accuracy in
solving the model of fractional for the influence of consciousness initiatives on
epidemic incidences (ICIEI) is validated by the overlapping result. The AE
parameters usa to solve the ICIEI-FCO are shown in Figure 7. Table 2 shows the
convergence of the mean square error (MSE) [36], complexity, training [37],
authentication, iterations, testing, and backpropagation-based model of fractional
for the influence of conggfRusness initiatives on epidemic incidences (ICIEI). All
the above results show the reliability of the intelligent solver for the presented
problem. The proposed neural network is of stochastic in nature depending on
number of neurons and the distribution of data set in terms of training, resting and
validation.




6. Conclusion

A new fractional model for the influence of consciousness initiatives on epidemic
incidences (ICIEI) is described in this article. This study shows that the fraction
model outperforms themegral order model in explaining memory-enhanced biotic
phenomena, and that it can easily incorporate the memory effects observmn many
real-world events. Four instances with varied fractional-order values have been
provided to solve the fractional model for the influence of consciousness initiatives
on epidemic incidences. The following is a breakdown of the data required to
provide numerical answers for the pro;md model for the impact of AIEO: 80% of
the time is spent on training, 10% on testing, and 10% on the authorization. The
numerical results were compared to the GL- mathematical system. To reduce the
MSE, the provided numerical findings were created using ANN-BLM, to illustrate
the dependability and competency of ANN-BLM, as well as their numerical
performances, the TSs, regression, correlation, EHs, and MSE are employed. The
proposed method ANN-BLM appears to be capable of solving differential equations
with fractional and integer derivatives, such as the model of fractional for the
influence of consciousness initiatives on epidemic incidences (ICIEI). The
following are the novelty, significance and main conclusions reached by the AIEO-
FCO model as a result of the numerical simulation and analysis:

i.  The model AIEO-FCO is successfully used to identify an approximation of
the solution. The dynamics of the AIEOQ-FCO are greatly affected by
changes in the parameters.

ii.  Studies comparing suggested ANN-BLM findings to referenced numerical
results generated by the GL-mathematical system showed the designed
technique's accuracy and convergence as well as the size of AE lies
107 —10™ . The different scenario variations validate the precise
modelling of training, testing, validation.

iii.  The developed ANN-BLM is efficient, reliable, and resilient as shown by
histogram error infographics, regression indices, and MSE acquisition
curves for lengthy computations.

Future Work: Future study may make use of the development of the fractional
computing paradigms for the influence of consciousness initiatives on epidemic
incidences (ICIEl) and its deep variants to handle numerical models for
computational fluid dynamics [40], bio-informatics [41], and computer virus model
[42]. Also, the design process will enable future engineering and technological
ﬁilds to benefit from nonlinear differential systems.

knowledgement: The authors extend their appreciation to the Deputyship
for Research & Innovation, Ministry of Education in Saudi Arabia for funding
this research work through the project number (IF2/PSAU/2022/01/21873)

Data Availability statement; Not applicable

Conflict of Interest: None




References

[1] Raja, M.AZ., Sabati, M., Parveen, N., Awais, M., Awan, S.E., Chaudhary, NI., Shoaib, M. and
Alquhayz, H., 2021. Integrated intelligent computing application for the effectiveness of Au
nanoparticles coated over MWCNTs with velocity slip in curved channel peristaltic flow. Scientific
reports, 11(1), pp.1-20.

[2] Borrelli, R.L., Coleman, C.S. and Switkes, J., 2004. Differential Equations: A Modeling Perspective,
Mathematica Technology Resource Manual. Wiley.

[3] Misra, A.K., Sharma, A. and Shukla, J.B., 2011. Modeling and analysis of effects of awareness
programs by media on the spread of infectious diseases. Mathematical and computer modelling, 53(5-
6), pp.1221-1228.

[4] Zuo, L. and Liu, M., 2014, January. Effect of awareness programs on the epidemic outbreaks with
time delay. In Abstract and Applied Analysis (Vol. 2014). Hindawi.

[5] Farman, M., Aslam, M., Akgiil, A. and Ahmad, A., 2021. Modeling of fractional-order COVID-19
epidemic model with quarantine and social distancing. Mathematical Methods in the Applied
Sciences, 44(11), pp.9334-9350.

[6] Khan, A., Ikram, R., Din, A., Humphries, UW. and Akgul, A., 2021. Stochastic COVID-19 SEIQ
epidemic model with time-delay. Results in Physics, 30,p.104775.

[7] Azam, S., Ahmed, N., Akgiil, A., Igbal, M.5., Rafiq, M., Ahmad, M.O. and Baleanu, D., 2021.
Structure preserving numerical scheme for spatio-temporal epidemic model of plant disease
dynamics. Results in Physics, 30, p.104821.

[8] Akgiil. A., Sajid Igbal, M., Fatima, U., Ahmed, N., Igbal, Z., Raza, A., Rafig, M. and Rehman,
M.A.U., 2021. Optimal existence of fractional order computer virus epidemic model and numerical
simulations. Mathematical Methods in the Applied Sciences,44(13), pp.10673-10685.

[9] Hussain, G., Khan, T., Khan, A., Inc, M., Zaman, G., Nisar, K.S. and Akgiil, A., 2021. Modeling
the dynamics of novel coronavirus (COVID-19) via stochastic epidemic model. Alexandria
Engineering Journal, 60(4), pp4121-4130.

[10] Nagy, A.M. and Sweilam, N.H., 2014. An efficient method for solving fractional Hodgkin—Huxley
model. Physics Letters A, 378(30-31), pp.1980-1984.

[11] Sweilam, N.H., Khader, M.M. and Mahdy, AM., 2012. Numerical studies for fractional-order
Logistic differential equations with two different delays. Journal of Applied Mathematics, 2012.

[12] Sweilam, N.H. and Al-Mekhlafi, S.M., 2016. Numerical study for multi-strain tuberculosis (TB)
model of variable-order fractional derivatives. Journal of advanced research, 7(2), pp.271-283.

[13]Zaiiga-Aguilar, CJ., Gémez-Aguilar, J.F., Romero-Ugalde, H.M., Escobar-Jiménez, RF.,
Fernindez-Anaya, G. and Alsaadi, F.E., 2021. Numerical solution of fractal-fractional Mittag—Leffler
differential equations with variable-order using artificial neural networks. Engineering with Computers,
pp.1-14.

[14]Jur Rehman, M.A., Kazim, M., Ahmed, N., Raza, A., Rafig, M., Akgiil, A., Inc, M., Park, C. and
Zakarya, M., 2023. Positivity preserving numerical method for epidemic model of hepatitis B disease
dynamic with delay factor. Alexandria Engineering Journal, 64, pp.505-515.

[15]Khan, A., Ikram, R., Din, A., Humphries, UW. and Akgul, A., 2021. Stochastic COVID-19 SEIQ
epidemic model with time-delay. Results in Physics, 30, p.104775.

[16] Solis-Pérez, 1.E., Herndndez, J.A., Parrales, A., Gomez- Aguilar, I.LF. and Huicochea, A., 2022.
Artificial neural networks with conformable transfer function for improving the performance in thermal
and environmental processes. Neural Networks, 152, pp.44-56.




[17] Viera-Martin, E., Gémez-Aguilar, J.F., Solis-Pérez, J.E., Herndndez-Pérez, J.A. and Olivares-
Peregrino, V.H., 2022, Anti-synchronization of a M-Hopfield neural network with generalized
hyperbolic tangent activation function. The European Physical Journal Special Topics, 231(10).,
pp.1801-1814.

[18] Umar, M., Sabir, Z., Raja, M.AZ., Javeed, 5., Ahmad, H., Elagen, S.K. and Khames, A., 2021.
Numerical Investigations through ANNs for Solving COVID-19 Model. International journal of
environmental research and public health, 18(22), p.12192.

[19] Bhattacharyya, A., Chakraborty, T., and Rai, S N., 2022. Stochastic forecasting of COVID-19 daily
new cases across countries with a novel hybrid time series model. Nonlinear Dynamics, pp.1-16.

[20] Khalid, M., Khan, F.S., Zehra, H., and Shoaib, M., 2016. A highly accurate numerical method for
solving a time-fractional partial differential equation. Progress in Fractional Differentiation and
Applications An International Journal, 2, pp.227-232.

[21] Scherer, R., Kalla, SL., Tang, Y. and Huang, J., 2011. The Griinwald-Letnikov method for
fractional differential equations. Computers & Mathematics with Applications, 62(3), pp.902-917.

[2641-2659.

[22] Sabir, Z., Raja, M.AZ., Guirao, J.L.. and Shoaib, M., 2020. Neuro-swarming intelligence-based
computing for second-order singular periodic non-linear boundary value problems. Frontiers in
Physics, 8, p.224.

[23] Xiong, P.Y ., Jahanshahi, H., Alcaraz, R.,Chu,Y .M., Gémez-Aguilar, J.F. and Alsaadi, F.E., 2021.
Spectral entropy analysis and synchronization of a multi-stable fractional-order chaotic system using a
novel neural network-based chattering-free sliding mode technique. Chaos, Solitons & Fractals, 144,
p.110576.

[24] Igbal, Z., Rehman, M.A U, Imran, M., Ahmed, N., Fatima, U., Akgiil, A., Rafiq, M., Raza, A.,
Djuraev, A.A. and Jarad. F., 2023. A finite difference scheme to solve a fractional order epidemic model
of computer virus. AIMS Math, 8, pp.2337-2359.

[25] Zuniga-Aguilar, CJ., Gomez-Aguilar, J.F., Romero-Ugalde, H.M., Jahanshahi, H. and Alsaadi,
FE., 2021. Fractal-fractional neuro-adaptive method for system identification. Engineering with
Computers, pp.1-24.

[26] Shoaib, M., Tabassum, R., Raja, M.A.Z., Nisar, K.S., Alqahtani, M.S. and Abbas, M., 2022. A
design of predictive computational network for transmission model of lassa fever in Nigeria. Results in
Physics, 39, p.105713.

[27] Coronel-Escamilla, A., Solis-Pérez, J.E., Gémez-Aguilar, J.F., Razo-Herndndez, J R., Alderremy,
A A and Aly, §.,2022. Dynamics and synchronization of a fractional conformable neural network with
power-law. The European Physical Journal Special Topics, 231(10), pp.1771-1788.

[28] Ilyas, H., Ahmad, L., Raja, M.AA.Z., Tahir, M.B. and Shoaib, M., 2021. Intelligent networks for
crosswise stream nanofluidic model with Cu-H20 over porous stretching medium. International Journal
of Hydrogen Energy, 46(29), pp.15322-15336.

[29] Sabir, Z., Raja, M.A.Z., Umar, M., Shoaib, M. and Baleanu, D., 2022. FMNSICS: Fractional Meyer
neuro-swarm  intelligent computing solver for nonlinear fractional Lane-Emden systems. Neural
Computing and Applications, 34(6), pp.4193-4206.

[30] Sabir,Z., Raja, M.A.Z., Umar, M., Shoaib, M. and Baleanu, D.,2022. FMNSICS: Fractional Meyer
neuro-swarm intelligent computing solver for nonlinear fractional Lane—Emden systems. Neural
Computing and Applications, 34(6), pp4193-4206.

[31] Cheema, T.N., Raja, M.AAZ., Ahmad, 1., Naz, S., Ilyas, H. and Shoaib, M., 2020. Intelligent
computing with Levenberg—Marquardt artificial neural networks for a nonlinear system of COVID-19




epidemic model for future generation disease control. The European Physical Journal Plus, 135(11).
pp.-1-35.

[32] Sabir, Z., Ali, MR., Raja, M.A.Z., Shoaib, M., Niifiez, R.A.S. and Sadat, R., 2021. Computational
intelligence approach using Levenberg—Marquardt backpropagation neural networks to solve the fourth-
order nonlinear system of the Emden—Fowler model. Engineering with Computers, pp.1-17.

[33] Shoaib, M., Raja, M.AZ., Sabir, M.T., Bukhari, A.H., Alrabaiah, H., Shah, Z., Kumam, P. and
Islam, S., 2021. A stochastic numerical analysis based on hybrid NAR-RBFs networks nonlinear SITR

model for novel COVID-19 dynamics. Computer Methods and Programs in Biomedicine, 202,
p.105973.

[34] Shoaib Anwar, M., and Rasheed, A., 2017. Heat transfer at the microscopic level in an MHD
fractional inertial flow confined between non-isothermal boundaries. The European Physical Journal
Plus, 132(7), pp.1-17.

[35] Raja, M.AAZ., Ahmed, U., Zameer, A., Kiani, A K. and Chaudhary, N 1., 2019. Bio-inspired
heuristics hybrid with sequential quadratic programming and interior-point methods for reliable
treatment of economic load dispatch problem. Neural Computing and Applications, 31(1), pp 447-475.

[36] Masood, Z., Samar, R. and Raja, M.AZ., 2020. Design of fractional order epidemic model for
future generation tiny hardware implants. Future Generation Computer Systems, 106, pp 43-54.

[37] Evirgen, F., Ugar, S. and Ozdemir, N., 2020. System analysis of HIV infection model with 4 under
non-singular kernel derivative. Applied Mathematics and Nonlinear Sciences, 5(1), pp.139-146.

[38] Akbar, A., Ullah, H., Nisar, K.S., Raja, M.AZ., Shoaib, M. and Islam, S., 2023, Intelligent
computing paradigm for the Buongiorno model of nanofluid flow with partial slip and MHD effects
over arotating disk. ZAMM-Journal of Applied Mathematics and Mechanics/Zeitschrift fiir Angewandte
Mathematik und Mechanik, 103(1), pe202200141.

[39] Anwar, N., Ahmad,I., Kiani, A K., Naz, S., Shoaib, M. and Raja, M.A.Z., 2023. Intelligent solution
predictive control strategy for nonlinear hepatitis B epidemic model with delay. Waves in Random and
Complex Media, pp.1-32.

[40] Anwar, N., Ahmad, I., Kiani, AK., Naz, S., Shoaib, M. and Raja, M.A.Z., 2022. Intelligent
predictive stochastic computing for nonlinear differential delay computer virus model. Waves in
Random and Complex Media, pp.1-29.




Revised 2 Intelligent neuro-computing to analyze the
awareness programs of fractional epidemic system
outbreaks

ORIGINALITY REPORT

18w

SIMILARITY INDEX

PRIMARY SOURCES
assets.researchsquare.com 0
Internet q 59 WOI’dS — 2 /0
.mdpi.com 0
www.mdp 49 words — 190
www.researchgate.net 0
& 49 words — 1 /0

Internet

M. Asif Zahoor Raja, M. Shoaib, Ghania Zubair, M. 1 06
: : 48 words —

ljaz Khan, R.J. Punith Gowda, B.C. Prasannakumara,

Kamel Guedri. "Intelligent neuro-computing for entropy

generated Darcy-Forchheimer mixed convective fluid flow",
Mathematics and Computers in Simulation, 2022

Crossref

Muhammad Shoaib, Adeeba Haider, Muhammad Asif 1 %
. . R, 42 words —

Zahoor Raja, Kottakkaran Sooppy Nisar. "Artificial

intelligence knacks-based computing for stochastic COVID-19

SIRC epidemic model with time delay", International Journal of

Modern Physics B, 2022

Crossref

math-frac.org 39 words — ’I %

Internet



B
o

I(:ti)rcfer:access.blrunl.edu.tr 38 words — 1 /0

i- 0
mdpi-res.com 31 words — ] )0

Internet

Muhammad Farman, !\/Iuhammagl Aslam, Ali Akgul, 29 words — 1 /0
Ageel Ahmad. "Modeling of fractional - order

COVID - 19 epidemic model with quarantine and social

distancing", Mathematical Methods in the Applied Sciences,

2021

Crossref

Nabeela Anwar, Muhammad Shoaib, Iftikhar Ahmad, 1 0%
: . : 27 words —

Shafag Naz, Adiga Kausar Kiani, Muhammad Asif

Zahoor Raja. "Intelligent Computing Networks for Nonlinear

Influenza-A Epidemic Model", International Journal of

Biomathematics, 2022

Crossref

Zulgurnain Sabir, Maham Munawar, Mohamed A. ’I %
: : 25 words —

Abdelkawy, Muhammad Asif Zahoor Raja et al.

"Numerical Investigations of the Fractional-Order Mathematical

Model Underlying Immune-Chemotherapeutic Treatment for

Breast Cancer Using the Neural Networks", Fractal and

Fractional, 2022

Crossref

i 0
f\.K. Ml_.c,ra, Anupama Sharma,J.B. Shukla. 18 words — < 1 A)
Modeling and analysis of effects of awareness
programs by media on the spread of infectious diseases",
Mathematical and Computer Modelling, 2011

Crossref

.. . . ()
Lixia Zuo, Maoxing I_'|u. Effect of Awarer.1ess. 18 words — < 1 /0
Programs on the Epidemic Outbreaks with Time



—_ —_
O (0¢)

0

B

1

N N
N

Delay", Abstract and Applied Analysis, 2014

Crossref

. : 0
link.springer.com 16 words — < 1 /0

Internet

www.science.gov 16 words — < 1 %

Internet

. " . . . 0
I\/Ieh.dl D.ehghan.. Solvmg nonllr?ear fractional 13 words — < 'I /0
partial differential equations using the homotopy
analysis method", Numerical Methods for Partial Differential
Equations, 2009

Crossref

Muhammad Shpalb, Agsa ngar Abbasi, 13 words — < 1 %
Muhammad Asif Zahoor Raja, Kottakkaran

Sooppy Nisar. "A design of predictive computational network

for the analysis of fractional epidemical predictor-prey model",

Chaos, Solitons & Fractals, 2022

Crossref

- 0
gpl.naturalspublishing.com 13 words — < '] /0

Internet

" 0
www.scilit.net 13words — < 1] %

Internet

0
www.nature.com 11 words — < 1] /O

Internet

. .. . 0
repository.iaincurup.ac.id 10 words — < '] /0

Internet

. R 0
Argha Mondal, Ranjit Kumar Qpadhyay. D|V§rs§ 9 words — < 1 /0
neuronal responses of a fractional-order Izhikevich



(O8] N N N N N
(@) O (0/0] ~ o Ul

model: journey from chattering to fast spiking", Nonlinear
Dynamics, 2017

Crossref

MUHAMMAD SHOAIB, GHANIA ZUBAIR, < 1 %
9 words —

KOTTAKKARAN SOOPPY NISAR, MUHAMMAD ASIF

ZAHOOR RAJA et al. "A NOVEL DESIGN OF MEYER WAVELET

NEURAL NETWORKS TO STUDY THE EPIDEMIOLOGICAL

SMOKING MODEL", Fractals, 2023

Crossref

N.ab.eela Anwar, Iftikhar Ahmad, Adlqa Kausar 9 words — < 'I %
Kiani, Shafag Naz, Muhammad Shoaib,

Muhammad Asif Zahoor Raja. "Intelligent predictive stochastic
computing for nonlinear differential delay computer virus

model", Waves in Random and Complex Media, 2022

Crossref

I(3tce)rz\£tnloads.hindawi.com o words — < 1 0%
Iir:’t.eTeltJ.ac.ke:8080 o words — < 1 0%
izﬂgsut.ac.th:SOSO o words — < 1 0%
Hﬂfﬁton'ed“ 9 words — < 1 %
worldwidescience.org o words — < 1 0%

Internet

. n _ 1 0
Biggs, F.. "Hartreg Fock Compton profiles for the 3 words — < 1 /0
elements"”, Atomic Data and Nuclear Data Tables,

197509

Crossref



. _ M " 0
N.H. Svyeﬂam, S.I\/I.‘ Al I\/Iekhlafl.‘ A S‘urvey of gwords — < 1 /0
Numerical Simulations for Multistrain Tuberculosis

Models of Fractional-Order and Their Optimal Control", Elsevier
BV, 2018

Crossref

Zeeshan Ikram Bu.tt, Iftikhar Ahmad,.Hira llyas, ~ gwords — < 1 %
Muhammad Shoaib, Muhammad Asif Zahoor Raja.
"Design of inverse multiquadric radial basis neural networks for
the dynamical analysis of MHD casson nanofluid flow along a
nonlinear stretchable porous surface with multiple slip
conditions", International Journal of Hydrogen Energy, 2023

Crossref

| 0
I(:trerr1n|2tresa.Iacalxa.es 8 words _ < 1 /0
www.hindawi.com 8 words — < 1 /0

Internet

w
O3

" . . . . . _ n 0
Frgctlonal Derivatives with Mittag-Leffler Kernel", 7 words — < ’] /()
Springer Nature, 2019

Crossref

W
o

A.H. Had"ian-‘Rasanan, D. Rahmati, S. Gorgin, K. 7 words — < 1 %
Parand. "A single layer fractional orthogonal neural

network for solving various types of Lane-Emden equation”,

New Astronomy, 2020

Crossref

37 Yanbln"\/Vang, Ylfeng.Zhou, Yuchuan Qin, Liling 7 words — < 1 /0
Wang. "Effect of environmental factors on the

aflatoxin production by Aspergillus flavus during storage in

upland rice seed using response surface methodology", LWT,

2022

Crossref



38 Hua' Wang,.Hadl.Jah.anshahl, Miao-Kun Wa?'ng, 6 words — < 1 %
Stelios Bekiros, Jinping Liu, Ayman A. Aly. "A
Caputo-Fabrizio Fractional-Order Model of HIV/AIDS with a
Treatment Compartment: Sensitivity Analysis and Optimal
Control Strategies", Entropy, 2021

Crossref

ON OFF
ON OFF



