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The object of the study is epidemiological
grouping using the SEIR mathematical model
on a machine learning-based multilayer net-
work. The problems in this research are related
to managing epidemiological data on a large
scale to determine disease patterns and identi-
fication such as the number of recovered cases,
number of infected cases and number of deaths
and demographic factors. In the process, tra-
ditional methods make it difficult to carry out
processes such as determining patterns and
identifying diseases. So, it is necessary to use
machine learning and the SEIR (Susceptible-
Exposed-Infectious-Recovered) mathematical
model which can be integrated with multi-
layer networks to increase accuracy and effec-
tiveness in identifying diseases and determin-
ing patterns. The results obtained from this
research are a model that can identify and
determine patterns of disease spread in large-
scale epidemiological data. In its application,
the SEIR mathematical model combined into
a social layer and an environmental layer in
a multilayer network. This research is research
with a level of novelty in the application of the
SEIR mathematical model to multilayer net-
works and machine learning so that the model
formed can be used to view the distribution
of epidemiological data for disease-related
information. Machine learning aims to process
large-scale data in minimal time resulting in
clustering and identification of diseases such
as flu, Covid-19 and pneumonia. This research
has an accuracy of 94 % using the MAPE eva-
luation technique. It is hoped that the result-
ing model can be used in the world of health for
disease mapping in certain areas as a reference
for mitigating the spread of disease
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1. Introduction

The integration of geospatial data in epidemiological
grouping using mathematical models in group-based multi-
layer networks is a topic that combines several impor-
tant scientific fields in modern public health studies to be
able to find patterns and identify diseases [1, 2]. Currently,
with the increasingly advanced development of informa-
tion technology, there are several challenges that require
a multidisciplinary approach to determine disease and find
patterns [3, 4]. Traditional epidemiological grouping in de-
termining patterns and analyzing data statistically and then
observing conditions that occur in the field in identifying
diseases traditionally has limitations such as time com-
plexity in analyzing larger and more complex data [5, 6].
With the increasingly rapid development of information

|DOI: 10.15587/1729—4061.2024.310522|

DETERMINING
EPIDEMIOLOGICAL
PATTERNS IN DISEASE
IDENTIFICATION USING

MATHEMATICAL MODELS

ON MACHINE LEARNING
BASED MULTILAYER
STRUCTURES

Riah Ukur Ginting
Corresponding author

Doctor of Computer Science®

E-mail: riahukur@students.usu.ac.id
Muhammad Zarlis

Information System Management
Department of BINUS Graduate Program Master
of Information System Management

BINUS University

K. H. Syahdan str., 9, Kemanggisan,
Palmerah Jakarta, Indonesia, 11480
Poltak Sihombing

Doctor of Computer Science®

Syahril Efendi

Doctor of Computer Science®

*Department of Information Technology
Universitas Sumatera Utara

Dr. T. Mansur str., 9, Kampus Padang Bulan,
Medan, Sumatera Utara, Indonesia, 20155

How to Cite: Ginting, R. U., Zarlis, M., Sihombing, P., Efendi, S. (2024). Determining epidemiological patterns in disease
identification using mathematical models on machine learning based multilayer structures. Eastern-European Journal of En-
terprise Technologies, 4 (4 (130)), 46—53. https.//doi.org/10.15587/1729-4061.2024.310522

technology, the emergence of various techniques that are
integrated with technology able to carry out data process-
ing with large and complex capacities. One technological
development that can be integrated is a mathematical model
in a multilayer network based on machine learning which
can be used for data processing and data analysis on a large
scale [7,8]. The use of mathematical models will provide
a theoretical framework so that it can be used for epidemio-
logical phenomena by using equations and algorithms that
can provide complex relationships between variables and
related parameters [9, 10]. In the context of a multilayer
network, integration of mathematical models used for the
relationship between input and output through processes in
interconnected layers. In this network there are hidden layer
and an output layer that will process information through
epidemiological data [11, 12].




In modern conditions like today, it is necessary to see
patterns of disease spread and disease identification so that
to apply this context the SEIR mathematical model will be
applied. The SEIR model will be processed on a multilayer
network so that it can process large-scale data. The results
of such studies will be used for a more accurate prediction
model in identifying disease patterns by integrating mathe-
matical models and machine learning in multilayer networks
and will be used by government institutions and Health
Institutions in mitigating the spread of disease from vari-
ous layers. Therefore, such studies are significant relevance
for increasing the effectiveness and efficiency of managing
disease epidemiological data in identifying and determining
distribution patterns. By using mathematical models and
machine learning, research can provide information about
the dynamics of disease spread.

2. Literature review and problem statement

Research [13] presents the research results on spatial and
temporal computational models in the spread of epidemics in
epidemiology which will apply a dynamics approach to under-
standing networks in the spread of infectious diseases. This
research shows that the dynamics approach is able to interpret
networks in the distribution of infectious diseases. However,
there are problems that have not been resolved regarding the
temporal model for the spread of epidemics because the tem-
poral model has a complex architecture in finding patterns.
One way to resolve these difficulties is with the SEIR model
which utilizes the multilayer structure of the network to find
patterns. This approach is widely used in [14] but has not been
applied to multilayer networks so it is recommended to carry
out studies on multilayer networks using the SEIR model.

Research [15] presents research results on the SIR and
SEIR (Susceptible-Expose-Infectious-Recovered) mathema-
tical models which use differential equations in simulating
the spread of disease. This research shows that the differential
equation approach is capable of simulating the spread of dis-
ease using the SIR model. However, there are problems that
have not been resolved in the SEIR model because the SEIR
model has a long time and process complexity. One way to
solve this problem is to use a multilayer network structure
to solve time complexity problems. This approach is widely
used but has not been applied to simulate the spread of disease
so it is recommended to study the application of multilayer
networks to simulate the spread of disease in the SEIR model.

Research [16] presenting research results using a ma-
chine learning approach for temporal and spatial forecasting
models for the Covid-19 virus. This research shows that the
machine learning approach can be applied to spatial models.
However, there are problems that have not been resolved in
the temporal forecasting model because the temporal model
has difficulty dealing with large amounts of data. One way to
solve this problem is to use the SEIR model in a multilayer
network. This approach is widely used for large data but has
not been applied to forecasting Covid-19 disease, so it is rec-
ommended to carry out analytical studies on SEIR network
models for multilayer networks in Covid-19 disease.

Research [17] presenting research results by evaluating
artificial neural networks (ANN) using multilayer percep-
trons in predicting the geographic distribution of tubercu-
losis. This research shows that the multilayer perceptron
algorithm is able to predict tuberculosis. However, there are

problems that have not been resolved in the artificial neural
network architecture because the artificial neural network
structure has layers that are difficult to interpret with disease
data. One way to solve this problem is to utilize a multilayer
network approach with the SEIR mathematical model. This
approach is widely used but has never been applied to tuber-
culosis, so it is recommended to conduct a case study for the
SEIR model on multilayer networks.

Research [18] presents research results using a neural net-
work-based machine learning approach to predict the Lyme
disease epidemic. This research shows that neural networks
can make predictions about Lyme disease. However, there are
problems that have not been resolved related to the archi-
tecture of neural networks because the architecture has time
complexity which is difficult to use on small amounts of data.
One way to solve this problem is by utilizing the SEIR ma-
thematical model in combination with a multilayer network.
This approach is widely used but has never been applied to
large scale data so it is recommended to conduct a study for
the SEER model on multilayer networks on large scale data.

Research [19] presenting research results using the CNN
algorithm approach in predicting the spread of SARS-CoV-2
disease. This research shows good accuracy in predicting
spread. However, there are problems related to the time
complexity of finding disease patterns, making it difficult to
use data on a large scale. One way to solve this problem is
by utilizing the SEIR mathematical model approach which
is able to find patterns in large-scale data and combinations
in multilayer networks. This approach is widely used so it
is recommended to carry out studies on SEIR models with
a combination of multilayer networks.

The study [20] presents the results using an epidemiolo-
gical model approach in understanding the spread of disease
by applying mathematical modeling. Mathematical modeling
shows that the epidemiological model is able to find distribu-
tion patterns. This research has unresolved problems related to
big data management. The solution offered to solve this prob-
lem is by applying the SEIR model to a multilayer network.

All this allows to assert that it is expedient to conduct
a study on applying the SEIR model to a multilayer network
for determine epidemiological patterns in disease identification.

3. The aim and the objectives of the study

The aim of this study is to determine epidemiological
patterns in disease identification.

To achieve this aim, the following objectives are accom-
plished:

—to apply the SEIR mathematical model to multilayer
networks;

—to the integration of geospatial data in mathematical
models;

— to apply machine learning so that it can predict epide-
miological data.

4. Materials and methods

The object of the study is epidemiological grouping using
the SEIR mathematical model on a machine learning-based
multilayer network. In this study, there is a research hypothe-
sis, namely the use of the SEIR (Susceptible-Expose-Infec-
tious-Recovered) mathematical model to be integrated into



machine learning with multilayer networks. Several prob-
lems such as the use of traditional methods and the difficulty
of processing data on a large scale are the basis for using
mathematical models in machine learning-based multilayer
networks. In this research there are problems related to
managing epidemiological data on a large scale. In large-
scale data there are many parameters such as the number
of recovered cases, the number of infected cases and the
number of deaths as well as data on demographic factors.
In the traditional method, it is difficult to carry out pro-
cesses such as analyzing, grouping and making predictions
for the future. So, it is necessary to use machine learning
and the SEIR (Susceptible-Exposed-Infectious-Recovered)
mathematical model which can be integrated with multilayer
networks to increase accuracy and effectiveness in analyzing
the spread of disease [21, 22]. In the context of using machine
learning, it used to identify patterns and trends in epidemio-
logical data. In this case, machine learning used to process
large-scale data. In this case, it used to identify the spread
of disease and predict future disease transmission. In terms
of the spread of disease, this research will use geospatial
data which will utilize information related to geographical
location, in this information there coordinate values. In this
case, data in epidemiology will carry out mapping and
analysis of disease distribution patterns spatially. By using
geospatial data, it is possible to identify and map areas with
high risks [23, 24].

This research will use the SEIR model which integrated
with a machine learning-based multilayer network. In this
approach each category of the model is symbolized by (S) —
susceptible, (E) — exposed, (I) — infected, (R) — recovered.
Then it represented in a multilayer network layer using
epidemiological data and geospatial
data. This layer will work structu-
rally to carry out the process and
will produce output in the categories
that have been determined. In this
context, let’s utilize the LSTM al-
gorithm in the use of good machine
learning in handling time series data.
The multilayer layers of the LSTM
algorithm can analyze data patterns
and complexity so that it can effec-
tively predict changes in vulnera-
ble, exposed, infected and recovered
populations based on historical data
and geographic factors. Therefore,
this research aims to develop a SEIR
mathematical model on a multilayer
network which is very relevant in
integrating geospatial data in mathe-
matical models in determining pat-
terns of disease spread and disease
identification in machine learning-
based epidemiological data.

In this research, theoretical me-
thods used, namely the mathematical
model used is SEIR which integrated
into a multilayer network. The main
hypothesis in this research is the use
of the SEIR mathematical model to
be integrated into machine learning
with multilayer networks. Several
problems such as the use of tradi-
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tional methods and the difficulty of processing data on a large
scale are the basis for using mathematical models in machine
learning-based multilayer networks. The problem to be
solved in this research is related to managing epidemiological
data on a large scale. In large-scale data there are many pa-
rameters such as the number of recovered cases, the number
of infected cases and the number of deaths as well as data on
demographic factors. In traditional methods, it is difficult to
carry out processes such as analyzing, grouping, and making
predictions for the future. By applying stages such as the use
of the SEIR mathematical model and geospatial data integra-
tion, it is hoped that machine learning-based epidemiological
data can be modeled. For hardware use, used a laptop with
Core i5 processor specifications with 256 GB SSD storage
and used software such as Microsoft Word version 2019,
Google Collaboratory and Anaconda software which uses
the Jupiter editor. This research used data from the North
Sumatra Health Service. Validation of the proposed solution
is to apply the SEIR mathematical model to a multilayer
network which uses utilize machine learning in discovering
epidemiological patterns and disease identification.

In this research there is a framework architecture in Fig. 1.

In Fig. 1, the architectural framework for using the
SEIR mathematical model displayed which used in machine
learning-based multilayer layers. In this model let’s pay
attention to the parameters symbolized by (§) — vulnera-
bility, (F) — exposed, (I) — infected, (R) — recover. In this
model, there are interactions such as transitions between
compartments S, E, I and R. To be able to describe the spread
of disease, geospatial data analyzed to take into account geo-
graphical factors such as transmission rates and population
transitions, individual mobility.

Determination of the Mathematical Model

Data Geospasial

Data Analysis

Determination of Epidemiology
parameters

}

Machine learning

J;

Model Geospasial Epidemiology Machine
Learning

- Spatial Mapping of Disease Spread
- Prediction of Disease Spread Behavior
- Optimization of Health Resources

Fig. 1. Proposed architecture



The following is the formulation of the mathematical
model expressed by the formula:
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Equations (1)-(4) will present interrelated symbols in the
mathematical model of a multilayer network. In this context
the number of vulnerable individuals symbolized by S, for ex-
posed individuals symbolized by E, for the number of infected
symbolized by I, for recovered individuals it symbolized by R
for the level of transmission it symbolized by B, and indivi-
duals who are exposed and then move symbolized by ¢ while
the recovery rate symbolized by Y. Then the mathematical
model integrated with geospatial data which will then use the
mathematical formula contained in the following equation:

B, =B,/ (Density, Mobility, ). (5)

In (5) there mathematical formula for the transmission
transition which is symbolized by B; which is the level of
transmission between regions 7 and j, By is a basic parameter
in geospatial data and f(Density;, Mobility;;) will illustrate the
influence of population density and mobility between regions
on the data. Then there is a transition from E to I(c) and
from I to R (Y') with the following equation:

(6)
(7

o, =0, g(Environment,),
Y, =Y, h(Environment,).

In (6), (7) there are symbols 6; and Y; which is a parame-
ter for the region i whereas for 6y and Y is a basic parameter
that will describe the influence of the environment and tran-
sition on recovery which is symbolized by g and /. then the
mathematical model placed on a multilayer network to be
able to model epidemiology. In a multilayer network struc-
ture, there is dynamic equation like the following:

allows a more accurate calculation of transitions between com-
partments based on local and global dynamics.

5. Results of mathematical models on multilayer networks
in epidemiological grouping

3. 1. SEIR mathematical model in multilayer networks

In this case, the interactions between layers must be an-
alyzed first so that the overall grouping of disease spread on
large-scale data can be understood and can be carried out by
amultilayer network. In a multilayer network structure, there
is a social layer and a workplace layer. This layer has its own
characteristics, the social layer analyzed based on individual
relationships, family and friends, while for the workplace
layer the work environment analyzed. Then, in integrating
the SEIR mathematical model in a multilayer network, it is
necessary to carry out analysis between layers. In the interac-
tion layer it is symbolized n/m which will interpret the indi-
vidual odds on the layer /in influencing individuals at layers m.
The following is the application of a mathematical model to
multilayer layers which formulated between layers as follows:

ds, S, S
= [31T Y Wm N (12)
dE SI
<= =—B,-LL N, -0,E, (13)
dl
d—t’=clEl—ylll, (14)
ddi:%]z' (15)
t

On the symbol B; determined at the level of transmission
in the layer /, on the symbol o; is exposure which will refer
to individual exposure or risks that influence the spread of
disease, while in symbols Y;is the rate of recovery from disease.
Then there is 1, which will describe the interactions bet-
ween layers then for symbols N, is the total number of indi-
viduals in the layer /. The SEIR mathematical model which is
developed using a multilayer network can model or group the
spread of disease by looking at interaction factors between
layers in the network. Then the application of the SEIR
mathematical model to a multilayer network simulated with
6 populations, each population using 100 individuals, result-

= i N 6 ing in the model shown in Fig. 2.
SEIR model simulation on multilayer network
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of disease in the context of inter-
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Exposed (E), Infectious (I), and
Recovered (R) within each layer
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Fig. 2. SEIR model in multilayer networks
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Fig. 3. Epidemiological clustering

graphic data information with o . . . . Table 1
. . Distribution of epidemiological data clustering
parameters from epidemiology so
that predictions of the spread of Latitude Longitude | Population | Susceptible | Exposed Infected | Recovered
disease can be carried out more 3,112338 | 99,0951465 | 8000000 1000 10 23 15
cffcctivcly, The use of gcographic 3,563675 | 98,6207887 4000000 1000 12 24 14
data will provide structured infor- 3,588719 | 98,6581788 8000000 1000 13 25 16
mation from a mapping perspec- 3,156515 | 98,5067037 4000000 1000 14 26 15
tive and can influence epidemic 3,295698 | 99,1108512 2700000 1000 10 29 18
dynamjcs' In data integration, 3,599677 | 98,6374932 2300000 1000 10 30 17
there a map of the distribution | 3561354 | 98,7056034 | 4000000 1000 10 22 15
and location of health facilities | 3.602117 | 98723007 | 4000000 1000 12 21 15
that can be used by individual | 3560707 | 984962917 | 8000000 1000 13 20 15
interactions, then with the para- | 3582104 | 987049969 | 4000000 1000 13 34 11
meters of the SEIRD mathema- | 3805626 | 9836412 | 2700000 1000 15 34 9
tical model, it is possible to group | 3625978 | 98,6693942 | 8700000 1000 16 20 10
transmission and healing based on | 3621431 | 98,66836_| 8700000 1000 17 20 11
interactions carried out by indi- |_3:568002 | 986575201 | 8700000 1000 18 25 20
viduals in a population. In Fig 2, | 3082653 | 986347141 | 8700000 1000 20 25 20
there a mapping of individuals | 3697772 | 986626122 | 8700000 1000 13 28 15
who are susceptible to exposure |_3546785 | 98,649524 | 8700000 1000 i 28 3
in 6 populations in the geogra- | 3910828 | 991795358 | 8700000 1000 14 28 12
phical data of the city of Medan, L 3046457 | 986180949 | 8700000 1000 i5 30 10

North Sumatera.

Fig. 3 explains that there is an epidemiological grouping
based on geospatial data, where the grouping is divided into
4 categories, namely the number of susceptible individuals,
the number of exposed individuals, the number of infected
and the number of recovered individuals. Geospatial data
that uses geographic data combined with the SEIR mathe-
matical model produces the number of recovered individuals
with red markers, the number of exposed individuals with
black markers, the number of susceptible individuals with
blue markers while the number of infected individuals with
red markers. and the number of susceptible individuals
with a green marker. In the epidemiological grouping there
a data distribution which can be seen in Table 1 below.

In Table 1, it explained that applying the SEIR ma-
thematical model will produce the numbers of Susceptible,
Exposed, Infected and Recovered. This number is based on
the population at each coordinate point.

5. 3. Application of machine learning to predict epide-
miology data

In this section, let’s explain the application of machine
learning to epidemiological data in predicting the spread
of disease, early detection of disease and epidemiological
grouping with large-scale data. In the spread of disease there
influencing factors such as mobility, population, conditions
and weather. In this research, the SEIR mathematical model
combined with a machine learning algorithm which can
provide projections that are more dynamic and responsive to
changing conditions. The following are the results of apply-
ing machine learning which displays predictions of cases of
disease spread in Fig. 4.

In Fig. 4, it explained that the use of machine learning
can predict the spread of disease using actual and predicted
data. The trained model produces predictions with an ac-
curacy level of 0.94 % using the Mean Absolute Percentage



Error (MAPE) evaluation technique. Then, for disease de-
tection, there machine learning model that can group early
detection of diseases such as Covid-19, flu and pneumonia.
The following are the results of the disease detection model
using machine learning in Fig. 5.
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Fig. 4. Prediction of the spread of disease

Distibution of predictions and actual cases

matical model such as the parameters denoted with (.5) — Sus-
ceptible, (F) — exposed, (1) — infectious, (R) — recovered. This
research has features for solving problems that have solutions
for the model. This model provides solutions and results if
interactions occur such as transitions between compartments
S, E, I and R to describe the spread of disease. This model
provides benefits on geospatial data such as transmission rates
and population transitions, individual mobility.

This research produces a model that can be used to iden-
tify disease and determine distribution patterns. In the model
there where there is an interaction between the level of
transmission which symbolized by B, and individuals who are
exposed and then move symbolized by o, while the recovery
rate symbolized by Y. In the transmission transition which is
symbolized by B; which is the level of transmission between
regions i and j, B is a basic parameter in geospatial data and
[f(Density;, Mobility;) describes the influence of population
density and mobility between regions on data.

Then there is a transition from E'to I (¢) and from I'to R (Y).
This research aims to produce a model that can group, pre-
dict the spread of disease and predict early detection. In this
case, the application of mathematical models is very relevant
by combining SEIR models in multilayer networks coupled

with the use of machine learning.
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Machine learning is used to apply
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mathematical models to produce
models that can apply equations
(1)—(5) to SEIR models, apply
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tial models and apply equations
(9)—(11) for multilayer networks.
The results of the mathematical
model depicted in Fig.2 in the
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SEIR mathematical model which
uses (1)—(5). Then, based on this
model, there is created a machine
learning model that can process
large data in (12)—(15) which is

Flu Covid-19
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Fig. 5. Prediction of disease detection

In Fig. 5, there are predictions of disease detection using
a mathematical model utilizing a machine learning approach
where there actual data and predicted data which will ex-
plain the performance of the model. This model allows better
predictions with an accuracy of up to 94 %. Regarding the
spread of disease. This model can also identify spread risks
quickly by combining machine learning with mathematical
models on multilayer networks on large-scale data.

6. Discussion of machine learning-based mathematical
models in determining disease patterns and identification

The application of mathematical models and machine
learning in determining disease patterns and identification is
the most important component of the results. This research is
novel in the field of artificial intelligence. The mathematical
model has significant novelty in the use of the SEIR model.
The SEIR model combined with machine learning on a multi-
layer network so that it is able to manage large-scale epide-
miological data to identify diseases and be able to understand
what parameters are used to be applied to the SEIR mathe-

Pneumonia then explained by regularities of

disease with individual exposure
parameters and recovery rates on
social networks.

Then in Fig. 3 there are the results of geospatial data
grouping by mathematical models of epidemiological group-
ing and in Fig. 4 there are the results of machine learning
model groupings with an accuracy of up to 94 %, prediction
and distribution of disease on large scale data. Applying
the SEIR mathematical model to a multilayer network can
achieve the stated goals of integrating geospatial data and
machine learning so that it can solve research problems. This
is different from research [14] whose results only apply the
SEIR model traditionally, so there are shortcomings such
as requiring complex time to process large amounts of data.
The proposed solution can cover and resolve these problem
areas by applying a multilayer network and a machine learn-
ing approach by utilizing the SEIR mathematical model in
formulas (12)—(15) which will explain the identification of
distribution patterns with the parameters of exposed individ-
uals and social networks.

This research has limitations such as the need for better
data processing from a geographical perspective because
currently the spread of disease with geographical data is
still limited. Then this research has a weakness in terms of
multilayer networks which require complex processing time



because they have to carry out processing from the social
layer and the environmental layer. This research can be
expanded and developed by integrating medical records at
each public hospital in an area so that it can be empowered
to mitigate the spread of epidemiology.

7. Conclusions

1. The results obtained in this research are a SEIR mathe-
matical model for identifying diseases and identifying spread
patterns based on machine learning. In this context the aim
is to provide knowledge about multilayer networks that can
carry out data processing on a large scale. In the mathe-
matical model there are characteristics such as population
compartments which contain parameters S (Susceptible),
E (Exposed), I (Infectious) and R (Recovered) and charac-
teristics such as transitions between compartments.

2. This research has data integration to combine location
or geographic distribution information with mathematical
analysis for the accuracy of a prediction model, grouping
clusters and being able to identify geographic risk factors
which allows the model to consider geographic aspects to

can be used in the world of health for disease mapping in cer-
tain areas as a reference for mitigating the spread of disease.

Conflict of interest

The authors declare that they have no conflict of inte-
rest in relation to this research, whether financial, personal,
authorship or otherwise, that could affect the research and its
results presented in this paper.

Financing

The study was performed without financial support.

Data availability

Manuscript has no associated data.

Use of artificial intelligence

increase accuracy in making predictions.

3. This research has an accuracy of 94 % using the MAPE
evaluation technique. It is hoped that the resulting model

The authors confirm that they did not use artificial intel-
ligence technologies when creating the current work.

References
1. Wu, E, Wu, T, Yuce, M. R. (2019). Design and Implementation of a Wearable Sensor Network System for IoT-Connected Safety and
Health Applications. 2019 TEEE 5th World Forum on Internet of Things (WF-IoT). https://doi.org/10.1109 /wf-iot.2019.8767280
2. Liu, J., Zhao, Z., Ji, J., Hu, M. (2020). Research and application of wireless sensor network technology in power transmission and
distribution system. Intelligent and Converged Networks, 1 (2), 199-220. https://doi.org/10.23919/icn.2020.0016
3. Swamy, S. N,, Jadhav, D., Kulkarni, N. (2017). Security threats in the application layer in IOT applications. 2017 International
Conference on I-SMAC (IoT in Social, Mobile, Analytics and Cloud) (I-SMAC). https://doi.org/10.1109/i-smac.2017.8058395
4. Shivalingagowda, C., Ahmad, H., Jayasree, P. V. Y., Sah, D. K. (2021). Wireless Sensor Network Routing Protocols Using Machine
Learning. Architectural Wireless Networks Solutions and Security Issues, 99—120. https://doi.org/10.1007,/978-981-16-0386-0_7
5. Khutsoane, O., Tsong, B., Gasela, N., Abu-Mahfouz, A. M. (2020). WaterGrid-Sense: A LoRa-Based Sensor Node for Industrial ToT
Applications. IEEE Sensors Journal, 20 (5), 2722—2729. https://doi.org/10.1109/jsen.2019.2951345
6. Wang, A, Dara, R., Yousefinaghani, S., Maier, E., Sharif, S. (2023). A Review of Social Media Data Utilization for the Prediction of
Disease Outbreaks and Understanding Public Perception. Big Data and Cognitive Computing, 7 (2), 72. https://doi.org/10.3390/
bdec7020072
7. Hajiakhoond Bidoki, N., Mantzaris, A. V., Sukthankar, G. (2019). An LSTM Model for Predicting Cross-Platform Bursts of Social
Media Activity. Information, 10 (12), 394. https://doi.org/10.3390/info10120394
8. Ertam, F, Kilincer, I. F, Yaman, O., Sengur, A. (2020). A New IoT Application for Dynamic WiFi based Wireless Sensor Network.
2020 International Conference on Electrical Engineering (ICEE). https://doi.org/10.1109/icee49691.2020.9249771
9. Yahya, O. H., Alrikabi, H., Aljazaery, I. A. (2020). Reducing the Data Rate in Internet of Things Applications by Using Wireless
Sensor Network. International Journal of Online and Biomedical Engineering (IJOE), 16 (03), 107-https://doi.org/10.3991/
ijoe.v16i03.13021
10.  Mejjaouli, S., Babiceanu, R. F. (2015). RFID-wireless sensor networks integration: Decision models and optimization of logistics
systems operations. Journal of Manufacturing Systems, 35, 234—245. https://doi.org/10.1016/j.jmsy.2015.02.005
11. You, G, Zhy, Y. (2020). Structure and Key Technologies of Wireless Sensor Network. 2020 Cross Strait Radio Science & Wireless
Technology Conference (CSRSWTC). https://doi.org/10.1109 /csrswtc50769.2020.9372727
12.  Taherdoost, H. (2023). Enhancing Social Media Platforms with Machine Learning Algorithms and Neural Networks. Algorithms,
16 (6), 271. https://doi.org/10.3390,/a1606027 1
13.  Gutierrez-Osorio, C., Gonzalez, F. A., Pedraza, C. A. (2022). Deep Learning Ensemble Model for the Prediction of Traffic Accidents
Using Social Media Data. Computers, 11 (9), 126. https://doi.org/10.3390/computers11090126
14.

Huang, J.-Y., Lee, W.-P, Lee, K.-D. (2022). Predicting Adverse Drug Reactions from Social Media Posts: Data Balance, Feature
Selection and Deep Learning. Healthcare, 10 (4), 618. https://doi.org/10.3390/healthcare10040618



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Regulski, K., Opalinski, A., Swadzba, J., Sitkowski, P, Wasowicz, P, Kwietniewska-Smietana, A. (2024). Machine Learning Prediction
Techniques in the Optimization of Diagnostic Laboratories’ Network Operations. Applied Sciences, 14 (6), 2429. https://doi.org/
10.3390,/app14062429

Ghostine, R., Gharamti, M., Hassrouny, S., Hoteit, I. (2021). An Extended SEIR Model with Vaccination for Forecasting the
COVID-19 Pandemic in Saudi Arabia Using an Ensemble Kalman Filter. Mathematics, 9 (6), 636. https://doi.org/10.3390/
math9060636

Aljohani, A. (2023). Predictive Analytics and Machine Learning for Real-Time Supply Chain Risk Mitigation and Agility. Sustain-
ability, 15 (20), 15088. https://doi.org/10.3390/5u152015088

Sanchez Lasheras, F. (2021). Predicting the Future-Big Data and Machine Learning. Energies, 14 (23), 8041. https://doi.org/
10.3390/en14238041

He, Z., Yu, J., Gu, T, Yang, D. (2024). Query execution time estimation in graph databases based on graph neural networks. Journal
of King Saud University — Computer and Information Sciences, 36 (4), 102018. https://doi.org/10.1016/j.jksuci.2024.102018
Zhu, L., Zhang, H., Bai, L. (2024). Hierarchical pattern-based complex query of temporal knowledge graph. Knowledge-Based Sys-
tems, 284, 111301. https://doi.org/10.1016/j.knosys.2023.111301

Saleem, F, AL-Ghamdi, A. S. A.-M., Alassafi, M. O., AlGhamdi, S. A. (2022). Machine Learning, Deep Learning, and Mathematical
Models to Analyze Forecasting and Epidemiology of COVID-19: A Systematic Literature Review. International Journal of Environ-
mental Research and Public Health, 19 (9), 5099. https://doi.org/10.3390/ijerph 19095099

Gopal, K., Lee, L. S., Seow, H.-V. (2021). Parameter Estimation of Compartmental Epidemiological Model Using Harmony Search
Algorithm and Its Variants. Applied Sciences, 11 (3), 1138. https://doi.org/10.3390/app11031138

Xu, Z., Qian, M. (2023). Predicting Popularity of Viral Content in Social Media through a Temporal-Spatial Cascade Convolutional
Learning Framework. Mathematics, 11 (14), 3059. https://doi.org/10.3390 /math11143059

Abu-Salih, B., Al-Tawil, M., Aljarah, I, Faris, H., Wongthongtham, P, Chan, K. Y., Beheshti, A. (2021). Relational Learning Analysis
of Social Politics using Knowledge Graph Embedding. Data Mining and Knowledge Discovery, 35 (4), 1497—1536. https://doi.org/
10.1007 /s10618-021-00760-w

Malozyomov, B. V., Martyushev, N. V., Sorokova, S. N, Efremenkov, E. A, Valuev, D. V., Qi, M. (2024). Analysis of a Predictive Mathe-
matical Model of Weather Changes Based on Neural Networks. Mathematics, 12 (3), 480. https://doi.org/10.3390 /math12030480
Shafgat, W., Byun, Y.-C. (2019). Topic Predictions and Optimized Recommendation Mechanism Based on Integrated Topic Mo-
deling and Deep Neural Networks in Crowdfunding Platforms. Applied Sciences, 9 (24), 5496. https://doi.org/10.3390/app9245496



